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March 24, 1881. 

THE PEESIDENT in the Chair. 

The Presents received were laid on the table, and thanks ordered for 
them. 

The following Papers were read:— 


I. The Croonian Lecture. —“ Observations on the Locomotor 
System of Echinodermata.” By George J. Romanes, M.A.. 
F.R.S., and Professor James C. Ewart, M.D. Received 
March 5, 1881. 

(Abstract.) 

I.— Morphology. 

In Solothuria the polian vesicle opens freely into a wide circular 
canal a short distance from the termination of the stone canal. Prom 
this circular canal five lozenge-shaped sinuses project forwards, and 
from each of these two large oval sinuses run forward parallel with each 
other-—the ten oval sinuses becoming continuous with the hollow 
stems of the tentacles. Injection of the polian vesicle shows that it 
forms one continuous tube system with the circular canal and its 
sinuses, oval sinuses and tentacles, ampullae and pedicels. Unless the 
pressure is kept up for a considerable time there is no penetration of 
the injected fluid into the stone canal, and either the ring, the vesicle, 
or a sinus gives way before the fluid reaches the madreporio plate. 
Specimens injected with a gelatine mass show that each canal sinus 
opens into a caecal tube, which runs forwards internal to the sinuses 
of .the tentacles as far as a wide circum-oral space. This space com- 
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municates by well-defined apertures with tbat portion. o£ the body 
cavity which lies between the sinuses and the oesophagus, and which 
is reached through the circular apertures between the sinuses of the 
circular canal. Each canal sinus has three other apertures in its 
walls. It opens by a small round aperture into a radial canal, and 
the two other apertures occur as minute slits, one at each side of the 
orifice of the radial canal leading into the adjacent tentacle sinuses. 
When the tentacle into which the sinus opens is protruded, there is no 
constriction between the sinus and the tentacle ; but when the ten¬ 
tacle is retracted, there is a well-marked constriction at the junction 
of the sinus with the tentacle. The eversion of the perisome and the 
protrusion of the tentacles are eflPected chiefiy by the shortening of the 
polian vesicle and the constriction of the longitudinal muscular bands, 
which run from the inner surface of the body wall between each two 
adjacent tentacle-sinuses; but the circular fibres of the body wall also 
assist in the process by contracting immediately behind the group of 
sinuses, so as to act on them by direct pressure, and also indirectly by 
forcing the body fluid against them. 

The amount of the body cavity fluid is constantly changing. At 
the entrance to the cloacal chamber there is a circular valve which is 
constantly dilating and contracting, except when the aboral end of 
the animal is forcibly retracted, ^^en open, this valve allows water 
to pass into the respiratory tree; when it begins to retract, water 
escapes from the cloaca. This alternate opening and closing takes 
place with perfect rhythm, at a rate of about six revolutions per 
minute. At the end of every seventh or eighth revolution a large 
stream of clear water is ejected, which sometimes contains sand and 
the remains of food particles. When the tentacles are being pro¬ 
truded, more water is taken in at the cloaca than escapes; ^ on the 
other hand, retraction of the tentacles is preceded by an escape of a 
large stream of water. 

In Uchinus, two tubes spring from the under surface of the madre- 
poric plate. The one is dilated at its origin, so as to include the 
greater portion of the plate, and ends in the so-called heart; the 
other is small, deeply pigmented, and runs along a groove in the 
heart to open into a circular canal at the base of the lantern. From 
the under aspect of this circular canal the five radial ambulacral 
vessels take their origin. Immediately within the oral margin of the 
shell, and alternating with the inner row of pedicels, are the five 
pairs of “tree-like organs.” If a fine glass cannula be forced through 
the membrane which extends from the apex of each tooth to the oral 
margin of the interambulacral plates and sides of the alveoli, coloured 
fluids may he injected into the space between the membrane and 
Mie alveoli of the lantern; the fluid then slowly diffuses upwards 
‘ into the vesicles around the apices of the teeth. It reaches these 
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vesicles partly by passing directly upwards external to tbe alveoli^ and 
partly by passing into tbe cavities of tbe alveoli and ascending througb 
tbe circular sinus.. 

In Spcctangus tbe ambnlacral circumoral canal bas no* polian vesicles 
or sinuses developed in connexon witb it. Some of tbe pedicels 
bave suckers, others are conical and devoid of them, while others 
again are flattened at their tips, and sometimes split up into 
segments. 

If one of tbe arms of Solaster 'pwpyosa is divided transversely, and 
a coloured fluid introduced into tbe open end of the- radial canal, tbe 
ampullae and pedicels of tbe injected arm are at once distended. Tbe 
fluid next penetrates tbe circular canal, poliaii vesicles, ampullae, and 
pedicels of tbe other arms; but unless considerable pressure be kept 
up for some time, none of tbe solution enters tbe madreporic canal. If, 
however, the pressure is maintained for several hours witb a column 
of fluid 2 feet high, tbe fluid ascends through tbe stone canal and 
diffuses slowly through the madreporic plate. When a thin slice is 
then shaved off tbe plate, tbe fluid is observed escaping from a 
small circumscribed area situated between tbe centre and tbe margin 
of the plate, and corresponding in size and position witb tbe termi- 
nation of tbe stone canal on tbe inner surface. The stone canal, 
gradually increasing in diameter as it passes inwards from tbe 
madreporic plate, runs obliquely over its' accompanying sinus, till it 
Anally books round this sinus to open into tbe circular canal. 
Springing from this canal and opposite to each inter-radial space 
(witb tbe exception of tbe space occupied by tbe stone canal) is a 
polian vesicle. Tbe size and form of these vesicles are largely de¬ 
termined by tbe amount of fluid in tbe pedicels. In none of the in¬ 
jected specimens was there any evidence of a communication between 
tbe ambnlacral vessels and tbe body cavity, or between tbe ambulacral 
and tbe blood (neural) vessels. There was, however, abundant evi¬ 
dence of communication between tbe latter and tbe exterior. When 
a cannula was introduced into tbe outer end of tbe sinus, a coloured 
solution could be easily forced through tbe sinus into tbe circular 
blood-vessel, and from this into tbe radial blood-vessels. But when 
the cannula was introduced into tbe proximal end of tbe sinus, tbe 
solution rapidly rushed along the sinus and escaped through tbe 
madreporic plate, proving that tbe blood-vessels of Solaster commu¬ 
nicate far more freely witb tbe exterior than do tbe water-vessels. 

Tbe ambulacral system of tbe common star-fish only differs from 
that of tbe sun-star in having no polian vesicles. Astropecte7i, on 
tbe other band, bas polian vesicles; but in it the pedicels bave de¬ 
parted from tbe usual form in being short, conical, and^ unprovided 
witb terminal suckers. In Ophmra tbe pedicels are morphologically 
'Similar to those of Astropecien, though shorter and more slender. 

B 2 
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They diminish in size as they proceed outwards, and at the ends 
of the arms are scarcely visible. 

Nervous System of Bclmvus, 

The internal nervous system of JScJiinus consists of five radial 
trunks, which may be traced from the ocular plates along* the ambu- 
lacral areas external to the radial canals to the oral floor, where they 
bifurcate and unite with each other so as to form the pentagonal nerve¬ 
ring. This ring lies between the oesophagus and the tips of the 
teeth which project from the lantern. Small branches leave the ring 
and supply the oesophaj^s, and lateral branches arise from the 
several trunks to escape with the pedicels through the apertures of the 
pore plates. Each trunk lies in a sinus situated between the lining 
membrane of the shell and the ambulacral radial canal. The lateral 
branches which accompany the first series of pedicels through the 
oral floor are large and deeply pigmented. The branches within 
the auricles are small ^ those external to the auricles gradually 
increase in size until the equator is reached, and from the equator 
to the ocular plates they diminish in size. At the equator, the trunk 
is wider than at either pole, and it is often partially divided for some 
distance at each side of the equator by a deep longitudinal fissure. 

When the nerve-trunk, after being stained with chloride of gold or 
with osmic acid, is removed from its sinus, it is seen to bo enveloped 
by a thin fibrous sheath. This sheath contains numerous large 
pigment cells, and has scattered over it irregular masses of protoplasm 
which have been deposited from the fluid of the neural sinus. 

When the sheath is removed, the trunk is seen to consist of delicate 
fibres and of fusiform cells. The cells consist of a nucleus and a thin 
layer of protoplasm, which projects at each end, and terminates in a 
nerve-fibre. 

The lateral branches of the trunk escape along with and are partly 
distributed to the pedicels; the remainder break up into delicate 
filaments which radiate from the base of the pedicel under the surface* 
epithelium. When one of the large branches already refeiTed to as 
escaping with the inner row of pedicels is traced thj-ough the oral 
floor, after sending a branch to the foot, it breaks up into delicate 
fibres, some of which run towards the bases of the adjacent spines 
and pedicellariae, while others run inwards a short distance towards 
the oral aperture. 

Either in connexion with, or anatomically independent of, these 
'filaments from the lateral branches of the nerve-trunks, there arises 
an external plfeus lying almost immediately under the surface epithe¬ 
lium and extending from the shell to the spines and pedicellarise. 
The fibres of this plexus closely resemble the fibres of the lateral 
Iraiiches of the trunk, but generally they are smaller in size and have 
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a distinct connexion witt nerve-cells. Tlie cells consist of an oval 
nxLclens and of a layer of protoplasm, wliicli is generally seen to- pro¬ 
ject in two, or sometimes in three, directions—the several processes 
often uniting with similar processes from adjacent cells, so as to form 
a fibro-cellular chain or network. 

In preparations from portions of JEJchini treated with both chloride 
of gold and osmic acid, we have succeeded in tracing the plexus over 
the surface of the shell between the spines and pedicellarise, and from 
the surface of the shell to the capsular muscles at the bases of the 
spines; we repeatedly observed delicate fibres passing beyond the 
muscles to end apparently under the epithelium over the surface of 
the spines. 

In the case of the pedicellariae the plexus on reaching the stem runs 
along, between the calcareous stem and the surface epithelium, 
to reach and extend over and between the muscular and connective 
tissue fibres between the stem and the bases of the mandibles. The 
plexus, now in the form of exceedingly delicate fibres co-nnecting 
small bipolar cells, reaches the special muscles of the mandibles. 
In several preparations delicate fibres appeared to extend towards 
the sensitive epithelial pad situated on the inner surface of each man¬ 
dible a short distance from the apex. Although this plexus is espe¬ 
cially related to the muscular fibres, lying over and dipping in between 
them, it is also related to the surface epithelium, and delicate fibres 
often extend from it to end under or between the epithelial cells. 

II.— Physiology. 

1. Natural Movements .—The ordinary crawling movements of Astro- 
peet&n aurantiacus are peculiar, the ambulacral feet acting the part of 
walking-poles and cilia combined. Brittle-stars progress by using two 
opposite arms upon the floor of the tank, with a movement like swim¬ 
ming ; at each stroke the animal advances with a sort of leap, and 
can thus travel at the rate of six feet per minute. The ordinary pro¬ 
gression of Echinus and Spatangiis is assisted by the co-ordinated 
action of the spines, and when placed upon a flat surface out of the* 
water the animal advances by means of its spines alone. In EchinuS' 
the lantern and pedicellariae are also used to assist in locomotion. 

All the Echinodermata that we have observed are able, when placed 
upon their dorsal surfaces on the floor of a tank, to recover their 
normal position on their oral surface. The common star-fish does so 
by twisting the ends of two or more of ifcs rays round, so as to bring 
its terminal suckers into action upon the floor of the tank, and then, 
by a successive and similar action of the suckers further back in the 
series, the whole ray is progressively twisted round, so that its ambu- 
lacral surface is applied flat against the floor. The rays which perform 
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this action twist their semi-spirals in the same direction, and by their 
concerted action serve to drag the disk and the remaining rays over 
themselves as a fulcrnm. Other species of star-fish, which have not 
their ambnJacral suckers sufficiently developed to act in this way, 
execute their righting movements by doubling under two or three of 
their adjacent rays, and turning a somersault over them, as in the 
previous case. Echinus rights itself when placed on its aboral pole, 
by the successive action of two or three adjacent rows of suckers, so 
grg^dually rising from aboral pole to equator, and then as gradually 
falling from equator to oral pole. Spatmigus executes a similar 
manoeuvre entirely by the successive pushing and propping action of 
its longer spines, 

2. Stimulation ,—All the echinoderms that we have observed seek to 
escape from injury in a direct line from the source of stimulation. If 
two points of the surface are stimulated, the direction of escape is the 
diagonal between them. When several points all round the animal are 
simultaneously stimulated, the direction of advance becomes uncertain, 
with a marked tendency to rotation upon the vertical axis. If a short 
interval of time be allowed to elapse between the application of two 
successive stimuli, the direction of advance will be in a straight line 
from the stimulus applied latest. If a circular band of injury be 
•quickly made all the way-round the equator of Echinus^ the animal 
crawls away from the broadest part of the band— i.e,, from the greatest 
amount of injury. 

The external nerve plexus supplies innervation to three sets of organs 
—the pedicels, the spines, and the pedicellarim; for when any part of 
the external surface of Echinus is touched, all the pedicels, spines, and 
pedicellariae within reach of the point that is touched immediately 
approximate and close in upon the point, so holding fast to whatever 
body may be used as the instrument of stimulation. In executing this 
combined movement the pedicellarise are the most active, the spines 
somewhat slower, and the pedicels very much slower. If the shape of 
the stimulating body admits of it, the forceps of the pedicellari^ seize 
the body and hold it till the spines and pedicels come up to assist. 

And here we have proof of the function of the pedicellarise. In 
climbing perpendicular or inclined surfaces of rock covered with 
waving sea-weeds, it must be no small ad.vantage to an echinus to be 
provided on all sides with a multitude of forceps adapted, as described, 
to the instantaneous grasping and arresting of a passing frond; for, in 
this way, not only is an i mm ediate hold obtained, but a moving piece of 
seaweed is held steady till the pedicels have time to establish a further 
and more permanent hold upon it with their sucking disks. That this 
is the chief function of the pedicellarise is indicated by the facts that, 
if a piece of seaweed is drawn o;ver the surface of an Echinus^ 
function may clearly be seen to be performed; 2nd, the wonder- 
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fully tenacious grasp of tlie forceps is timed as to its duration *witli 
an apparent reference to the requirements of the pedicels, for after 
lasting about two minutes (which is about the time required for the 
suckers to bend over and fix themselves to the object hold by the 
pedicellarise, if such should be a suitable one), this wonderfully tena¬ 
cious grasp is spontaneously released; and, 3rd, the most excitable part 
of the trident pedicellarise is the inner surface of the mandibles, about 
a third of the way down their serrated edges— i.e., the part which 
a moving body cannot touch without being well within the grasp of 
the forceps. When the forceps are closed, they may generally be 
made immediately to expand by gently stroking the external surface 
of their bases. 

With regard to stimulation of the spines, if severe irritation be 
applied to any part of the external or internal surface of an LJcMnm, 
the spines all over the animal take on an active bristling movement. 
The tubercles at the bases of the spines are the most irritable points 
on the external surface. 

With regard to stimulation of the pedicels, if an irritant be applied 
to any part of a row, all the pedicels in that row retract in succession 
from the seat of stimulation, but the influence does not extend to. 
other rows. A contrary elfect is produced by applying an irritant to 
any part of the external nerve plexus, all the pedicels being then 
stimulated into increased activity. Of these antagonistic influences, 
the former, or inhibitory one, is the stronger, for if they are both in 
operation at the same time the pedicels are retracted. 

Star-fish (with the exception of brittle-stars) and JEJcliini crawl 
towards, and remain in, the light; but when their eye-spots are 
removed they no longer do so. When their eye-spots are left intact 
they can distinguish light of very feeble intensity. 

3. Section, — Single rays detached from the organism crawl as 
fast and in as determinate a direction as do entire animals. They 
also crawl towards light, away from injuries, up perpendicular sur¬ 
faces, and, when inverted, right themselves. Dividing the ray-nerve 
in any part of its length has the effect of destroying all physio¬ 
logical continuity between the pedicels on either side of the division. 
Severing the nerve at the origin of each ray, or severing the nerve¬ 
ring between each ray, has the effect of totally destroying all co¬ 
ordination among the rays; therefore, the animal can no longer crawl 
away from injuries; and, when inverted, it forms no definite plan for 
righting itself. Each ray acting for itself, without reference to the 
others, there is, as a result, a promiscuous distribution of spirals and 
doublings, which, as often as not, are acting in antagonism to one 
another. This division of the nerves usually induces, for some time 
after the operation, more or less tetanic-like rigidity of the rays. 
The operation, however, although so completely destroying physio- 
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logical continuity in the rows of pedicels and the muscular system of the 
rays, does not destroy, or perceptibly impair, physiological continuity 
in the external nerve-plexus; for however much the nerve-ring and 
nerve-trunks may be injured, stimulation on the dorsal surface of the 
animal throws all the pedicels and the muscular system of the rays into 
active movement. This fact proves that the pedicels and the muscles 
are all held in nervous connexion with one another by the external 
plexus, without reference to the integrity of the main trunks. 

If a cork-borer be rotated against the external surface of an Eohimis 
till the calcareous substance of the shell is reached, and therefore 
a continuous circular section of the overlying tissues effected, the 
spines and pedicellariae within the circular area are physiologically 
separated from those without it, as regards their local reflex irrita- 
bility. That is to say, if any part of this circular area is stimulated, 
all the spines and pedicellarias within that area immediately respond to 
the stimulation in the ordinary way, while none of the spines or pedi¬ 
cellariae surrounding the area are affected, and conversely. Therefore 
we conclude that the function of the spines and pedicellariae of local¬ 
ising and gathering round a seat of stimulation is exclusively dependent 
upon the external nervous plexus. If the line of injury is not a closed 
curve, so as not to produce a physiological island, the stimulating 
influence will radiate in straight lines from its source, but will not 
irradiate round the ends of the curve or line of injury. 

Although the nervous connexions on which the spines and pedi¬ 
cellariae depend for their function of localising and closing round a 
seat of stimulation are tfius shown to be completely destroyed by 
yijury of the external plexus, other nervous connexions, upon which 
another function of the spines depends, are not in the smallest degree 
impaired by such injury. This other function is that which brings 
about the general co-ordinated action of all the spines for the pur¬ 
poses of locomotion. That this function is not impaired by injury of 
the external plexus is proved by severely stimulating an area within a 
closed line of injury on the surface of the shell; all the spines over 
the whole surface of the animal then manifest their bristling move¬ 
ments, and by their co-ordinated action convey the animal in a straight 
line of escape from the source of irritation. 

We have, therefore, to distinguish between what may be called the 
local reflex function of the spines, which they show in common with 
the pedicellariee and which is exclusively dependent upon the external 
plexus, and what we may call the universal reflex function of the 
spines, which consists in their general co-ordinated action for the 
purposes of locomotion and which is wholly independent of the 
external plexus. Evidently, therefore, this more universal function 
must depend upon some other set of nervous connexions (which, 
Imwever, we have not been able to detect histologically), and experi- 
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ment/ shows that these, if present, are distributed over all the internal 
surface of the shell.- Por if the internal surface be painted with acid, 
or scoured out with emery paper and brick-dust, the spines and 
pedicellarisB, after a short period of increased activity or bristling, 
become perfectly quiescent, lie flat, and lose both their spontaneity 
and irritability. After a few hours, however, the spontaneity and 
irritability of the spines return, though in a feeble degree, and also 
those of the pedicellariae in a more marked degree. These eflects 
take place over the whole external surface of the shell, if the whole 
of, the internal surface be painted with acid or scoured with brick- 
dust; but if any part of the external surface be left unpainted or 
unscoured, the corresponding part of the external surface remains 
uninjured. From these experiments we conclude:—1st, that the 
general co-ordination of the spines is wholly dependent on the 
integrity of the hypothetical internal plexus; 2nd, that the hypo¬ 
thetical internal plexus is everywhere in intimate connexion with the 
external, apparently through the calcareous substance of the shell; 
and 3rd, that complete destruction of the former, while profoundly 
influencing through shock the functions of the latter, nevertheless 
does not wholly destroy them. 

LcMni may be divided into pieces, and the pedicels, spines, and 
pedicellariae upon these pieces will continue to exhibit their functions 
of local reflex irritability, however small the pieces may be. If an 
entire double row of pedicels be divided out as a segment, and then 
placed upon its aboral end, it may rear itself up on its oral end by 
the successive action of its pedicels, and then proceed to crawl about 
the floor of the tank. We have therefore to meet the question: Is 
the action of the ambulacral feet in executing these righting move¬ 
ments of a merely serial kind— a, &, and c, first securing their hold on 
the tank floor, owing to the stimulus supplied by contact, and then by 
their traction tilting over the globe till d, e, and / are able to touch 
the floor, and so on; or does the righting action depend upon nervous 
co-ordination ? We conclude that both principles are combined, tlie 
action of the pedicels being serial, but also assisted by nervous co¬ 
ordination. This conclusion is sustained by the experiment of shaving 
off the spines and pedicels over one-half of one hemisphere—the 
half from the equator to the oral pole. When then inverted and forced 
to use their mutilated pedicel-rows, the Bchini reared themselves upon 
their equators, and then, having no more pedicels wherewith to con¬ 
tinue the manoeuvre, came to rest. This rest was permanent, the 
animal remaining, if accidents were excluded, upon its equator till it 
died. The question, then, here seems to resolve itself simply into this : 
Is the mechanism of the pedicels so constructed as to ensure that 
their serial action shall always take place in the same direction ? For if 
it can be shown that their serial action may take place indifferently in 
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either direction, it would follow that the persistency with which the 
partly shaved Ucliini continue reared upon their equators, is the ex¬ 
pression of some stimnlns (such as a sense of gravity) continuously 
acting upon some central apparatus, and impelling the latter to a con¬ 
tinuous, though fruitless, endeavour to co-ordinate the absent pedicels. 
If the pedicels are able to act serially in either direction, there is no 
more reason why a partly shaved JEohinus should remain permanently 
reared upon its equator, than that it should remain permanently 
inverted upon its pole; and therefore the fact that in the latter 
position the pedicels set about an immediate rotation of the animal, 
while in the former, and quite as unnatural position, they hold the 
animal in persistent stasis—this fact tends to show that the righting 
movements of the pedicels are something more than serial. Thus the 
whole question as between the two hypotheses amounts to' whether 
the pedicels are able to act serially from oral to aboral pole. Observa¬ 
tion has shown us that they are so, for we have seen Echmi spon¬ 
taneously rear themselves from their normal position on the oral pole, 
to the position of resting upon their equators. Further, as additional 
evidence that the righting movements are at least assisted by some 
centralising influence, is the fact that when the evolution is nearly 
completed by the pedicel-rows engaged in executing it, the lower 
pedicels in the other* rows become strongly protruded and curved 
downwards, in anticipation of shortly coming into contact with the 
floor of the tank. 

But, on the other hand, there is evidence to show that the action of 
the pedicels in executing this manoeuvre, although, as we have seen, in 
some measure, is not exclusively dependent upon this centralising 
influence; and we found that the centre from which this influenco pro¬ 
ceeds is the nerve-ring that surrounds the lantern. For when this is 
removed, the following results are produced. The pedicels have their 
spontax^eitj impaired, though not destroyed—^the animal still continuing 
to crawl, but only feebly, and no longer in a determinate manner, 
frequently changing its direction of advance, and showing a marked 
tendency to rotate upon its vertical axis. Moreover the echinus is 
now no longer able to escape from injury, but when stimulated crawls 
indifferently in any direction. Thus, removal of the nerve-centre 
seriously impairs the activity of the pedicles, and totally destroys their 
co-ordination. Yet when specimens so mutilated are inverted, one out 
of every four specimens is able to right itself. This, however, is only 
done with much difficulty and after a long time, so that, under these 
circumstances, the execution of this manoeuvre seems to be just barely 
po^ible. Still the fact of its being possible at all proves that the 
integrity of the nerve-centre is not absolutely esseutial to its perform- 
aroe. Therefore, as experiment has failed to reveal to us any other 
gtoaral nerve-centre in the animal, and as even a segment of the 
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animal containing only a single row of pedicels is in many cases able 
to perform this manceuvre, we conclude, as already stated, that the 
action of the pedicels is partly of a-serial character, though largely 
assisted by the co-ordinating influence that emanates from the nerve- 
ceptre. 

The effect of this operation upon the spines and pedicellarise still 
remains to be considered. ITo effect at all is produced upon the pedi- 
cellarise; but upon the spines a profound influence is seen to be exercised. 
Their spontaneity, indeed, remains unimpaired, as does also the func¬ 
tion which they share with the pedicellariee of closing round any 
instrument of stimulation ; likewise their power of responsive bristling 
all over the animal when any part of the animal is severely stimulated 
continues to be manifested as before, although for an hour or two after 
the operation this power is suspended by shock. But the general co- 
ordination of the spines is totally and permanently destroyed, for if 
the animal be placed upon a table and a spirit-lamp flame held against 
one side, although all the spines will manifest their bristling movements 
(if the period of shock has been allowed to pass away), they will no 
longer co-operate to remove the animal from the source of irritation. 
These facts prove, 1st, that the general co-ordination of the spines is 
wholly dependent upon the nerve-centre; 2nd, that the spontaneity 
and local reflex irritability are wholly independent of that centre— 
they depend entirely upon the external nerve plexus; and, 3rd, that 
the universal nervous connexions revealed in the bristling movements 
of the spines, and which, as shown by previously narrated experiments, 
depend upon the hypothetical internal nerve plexus, are themselves in 
nervous connexion with the nerve-centre. For only thus can we 
explain the long period of shock which removal of this centre entails 
upon the functions of this supposed internal plexus. Nevertheless, 
the fact that these functions are eventually resumed in the general 
bristling of the spines, proves that this general communication between 
the spines is maintained by the direct conductility of the supposed 
internal plexus, and is not of the nature of a reflex action, in which the 
nerve ring is concerned as a general centre for the responsive, as distin¬ 
guished from the co-ordinated, action of the spines. 

These results taken together prove that all parts of the nervous 
system of the Echinodermata are, in function as in structure, both 
central and peripheral, although the nerve-ring exercises a larger 
share of centralising influence than does any other part of the system. 
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11. The Functional Kelations of the Motor Roots of the Brachial 
and Lumbo-Sacral Plexuses.” By Dayid Ferrier, M.D., 
F.R.S., Professor of Forensic Medicine, and Gerald F. 
Yeo, M.D., F.R.C.S., Professor of Physiology in King’s 
College. Received March 10, 1881. 

The functions subserved by the plexiform arrangement of the 
nerves of the limbs, and the mode of distribution of the several roots 
of the brachial and lumbo-sacral plexuses, have been the subject of 
frequent speculation and of occasional experimental research; and 
the question is one of considerable physiological and pathological 
interest. A mere naked-eye examination of the mode in which the 
roots unite to form the larger trunks allows of an approximate deter¬ 
mination of the possible roots of each trunk; and by more minute 
dissection and maceration in dissociating liquids, as has been done by 
W. Krause in the case of the brachial plexus (“Beitrage zur 
Neurologic der Oberen Extremitat,” 1865), the constituent fibres of 
the nerve-trunks may be determined with greater precision. 

But it is obvious that anatomical dissection, however minute, is 
unable to discriminate between the sensory and motor constituents of 
the nerve-trunks, or to indicate their functional relations and dis¬ 
tribution. The only possible methods by which this can be arrived at 
are by determining the elfects of excitation or destruction of the 
individual roots of the plexus. 

Both methods have been employed by different investigators in the 
case of several of the lower animals. 

Johannes Muller and Yan Deen experimented on the crural plexus 
of the fi’og. From these, as well as from a consideration of the 
results of Kronenberg’s experiments referred to below, Muller came 
to the conclusion that “ the plexuses of nerves seem to be destined, 
as far as their motor power is concerned, to convey to each muscle 
fibres from different parts of the brain and spinal cord. , . . The 
plexuses may also be intended to intermingle the sensitive and motor 
fi.bres in accordance with the wants of the parts to which the nerves 
are distributed (Muller’s “ Physiology,” translated by Baly, vol. i, 
p. 682). Kronenberg (“ Plexuum Nervorum Structura et Yirtutes,” 
Berol, 1836, quoted by W. Krause, op, cit) found that by mechanical 
or electrical stimulation of the roots of the brachial plexus in the 
rabbit, almost every muscle of the limb was thrown into action by 
each. His conclusions as to the functions of the plexus were essentially 
the same as those quoted from Muller. 

A similar view was maintained by Bartolomeo Jfanizza, from the 
results of experiment on the crural plexus of frogs and goats. 
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(‘‘^Richerclie Sperimentali Sopra i Rervi,” Lettera del Professore 
Bax'tolomeo Pauizza al Professore Manrizio Bufalini. “Anuali 
Universali di Medicina,” December, 1834. Translated in “ Proriep’s 
ISTotizen,” Ko. 945, March, 1835.) 

Panizza found that section of one root cansed only temporary 
weakness of the limb as a whole, a weakness which increased in pro¬ 
portion to the number of roots divided; but there was no complete 
paralysis till the last root was cut. He was of opinion that the 
various roots had a community of function, the whole forming a 
solidarity, but each by itself capable of maintaining the functions in 
their integrity. 

The researches of Peyer (“ Zeitsehrift fiir Rationelle Medicin,’’ 
H. P., Bd. iv, 1864) on the peripheric distribution of the sensory 
and motor roots of the brachial plexus in the rabbit were of greater 
precision than those of Kronenberg. 

Peyer cut the roots of the plexus and ascertained, by exposure and 
dissection, which muscles were made to contract by weak electrical 
stimulation of each root. He also determined the region of distribu¬ 
tion of the sensoi'y roots by cutting all the roots save one, and then 
Ascertaining in which area cutaneous stimulation still excited reflex . 
movements. 

The results obtained by Peyer as to the distribution of the motor 
roots difler considerably from those of Hroneuberg, and he gives, in a 
tabular form, the respective muscles related to each root, from the 
fifth cervical to the first dorsal. 

He found that most muscles received fibres from more than one 
ropt, and that the muscles supplied by each root did not fall into such 
simple groups as extensors, flexors, &c., but were more complicated. 
The muscles nearer the hand were supplied by the roots nearer the 
dorsal part of the cord. As regards the sensory distribution, the rule 
was that the sensory roots were distributed to the cutaneous surfaces 
overlying the muscles supplied by the corresponding motor roots. 

Peyer’s results were, in the main, confirmed by the researches of 
W. Krause (“Beitrage zur Neurologie der Oberen Extremitat,’’ 1865). 
Krause adopted the method of dividing the individual roots and then 
tracing the lines of degeneration in the sensory and motor nerves, 
according to the Wallerian law. He gives a tabular view of the 
peripheric distribution of the various roots, sensory and motor, in 
the work quoted, and again, with slight variations, in his work on the 
anatomy of the rabbit (“ Anatomie des Kaninchens,"’ 1868, p. 247), 

Krause also made one interesting experiment on a monkey (^Macacus 
cynomolgus). He divided the sixth and seventh cervical nerves, and 
ascertained that no degeneration ensued in the ulnar or median 
sensory nerves of the hand. He concluded, by analogy from the 
ascertained distribution in the rabbit, that the ulnar and median 
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digital nerves werie derived from the first dorsal and eigiith cervical 
nerves respectively. 

Passing from these experimental researches in the lower animals to 
observations in man, we have a fact of considerable significance in 
reference to the functional relations of the roots of the brachial 
plexus, which was first pointed out by Erb (“ Diseases of the Peri¬ 
pheral Cerebro-Spinal l^erves,” in Ziemssen’s “ Oyclopsedia of the 
Practice of Medicine,’’ vol. xi, p. 561). By faradisation over the 
brachial plexus, at a point corresponding with the exit of the sixth 
cervical nerve from between the scaleni muscles, the deltoid, biceps, 
brachialis, and supinator longus can be thrown into simultaneous con¬ 
traction. At the same time, he says it is difficult to avoid the 
musculo-spii'al nerve, which can also, however, be separately excited. 
We have ourselTes found extension of the wrist a constant accompani¬ 
ment of the action of the above muscular group when it is at all distinct. 
From the collocation of the muscles affected in atrophic spinal 
paralysis, it has been ably argued by E. Reraak Zur Patbogenese 
der Bleilahraungen, Arcbiv fiir Psychiatrie,” 1876; and “ Ueber die 
Localisation Atrophischer Spinallahmungen und Spinaler Muskel- 
atrophien,” ihid.y 1879) that functionally related or synergic muscles 
are represented together in the anterior horns of the spinal cord; and 
he indicates, more or less tentatively, the probable position of the 
centres of certain brachial and crural muscular groups in the cervical 
and lumbar portions of the cord respectively. 

With the view of throwing light on these various questions by 
physiological researches, which may be regarded as almost directly 
applicable to man, we have made a series of experiments on the 
motor roots of the brachial and lurabo-sacral plexuses in monkeys. 

The brachial plexus in the monkey corresponds in its constitution, 
configuration, and distribution almost exactly with that of man. It 
is formed by roots from the fourth, fifth, sixth, seventh, and eighth 
cervical, and the first dorsal nerves. These unite and form the larger 
nerve-trunks in essentially the same way as in man. The phrenic 
nerve, however, arises from the third and fourth cervical, and does 
not, so far as we have examined, receive a branch from the fifth, as is 
usually the case in man. 

The lumbar and sacral plexuses, however, do not at first sight 
appear to correspond, at least as regards the origin of the roots which 
enter into their composition. This is owing to the fact that there are 
seven lumbar vertebras in the monkeys we have examined. If, how¬ 
ever, we detaoh the first lumbar vertebra and add it to the dorsal, so 
as to make thirteen dorsal vertebrae, and connt the last lumbar as the 
;first sacral, the harmony, as regards the mode of distribution of the 
several roots, becomes complete. And, in one case which we examined, 
i^eve were mdimentary ribs attached to the first lumbar vertebra. It 
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seems, in fact, warrantable to make tbe constitution of tbe lumbar and 
sacral plexuses a means of determining to wbicli group tbe variable 
dorsal, lumbar, and sacral vertebrae in monkeys should be referred. 

The mode of operation carried out by Dr. Yeo was as follows:—The 
animals were deeply narcotised with chloroform, the vertebrae over the 
cervical or lumbar nerves exposed, the arches removed so as to expose 
the cord. The dura mater was opened, and in the case of the cervical 
and dorsal nerves the posterior roots were cut in order to avoid all 
reflex movements on stimulation. In the case of the roots forming 
the cauda equina this was not necessary, as the anterior and posterior 
roots run a long separate course, and can easily be isolated.,, The 
motor roots were stimulated with closely approximated needle elec¬ 
trodes by means of the induced current of Du Bois Beymond’s secon¬ 
dary coil. A minimal current, barely perceptible on the tongue, and 
just sufficient to produce distinct action, was employed, the distance 
of the secondary coil varying from 20 centims. or less, according to 
the degree of excitability of the nerves, which is liable to considerable 
variation at various stages. Every precaution was taken to insulate 
the roots, and unavoidable diffusion was more or less eliminated by 
frequent repetition and uniformity in the results. Occasionally, in the 
case of the brachial plexus, where the clear exposure of the roots is 
somewhat difficult, we used as one pole a flat electrode over the sacrum 
as a neutral point, and stimulated the root by hooking it up on a 
curved needle, which formed the other pole of the circuit. The roots 
were stimulated either inside or outside the sheath, according to where 
they were most conveniently reached. 

In observing the effects of stimulation, we directed our attention 
more especially to the resultant muscular combination rather than to 
the mere number of the muscles thrown into action. It will be seen 
that this is of no little importance, as the actions excited are all com¬ 
plex co-ordinated movements of great significance. It is very difficult, 
where so many events are occurring simultaneously, to analyse each 
muscular combination into the individual factors at work; and there¬ 
fore the muscles which we state to be in action are those which we 
have collected from various observations, the muscles being felt or 
partially exposed where it was difficult to be sure of their co-operation 
otherwise. But we would not exclude, except when so stated, the co-. 
operation of other muscles which were necessarily removed from actual 
observation, except by dissection. 

But we beHeve that these may be fairly determined by anatomical 
considerations and by ascertained principles re.specting the physiology 
of movements applied to the individual actions described. 

We have experimented seven times on the brachial plexus, once un¬ 
successfully; and six times on the lumbo-sacral plexus, twice with 
only partial success on two roots. 
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The resultant actions have been very uniform, though occasionally 
incomplete, any variations of importance being specially indicated. 

The Brachial Blexus. 

Comprising the roots of the first dorsal, and the eighth to the fourth 
cervical. 

First Dorsal.—Adduction of the thmnb, and flexion of the fingers at 
the nietacarpo-phalangeal joints. —The distal phalanges are slightly ex¬ 
tended, and the fingers spread. The transverse diameter of the hand 
is diminished, and the dorsal aspect rendered more convex. 

The action is that of the intrinsic muscles of the hand. Along with 
the action in the hand there is also contraction of the mascles on the 
same side of the neck, causing the head to be drawn towards the 
shoulder. 

In our first two experiments this action was more or less compli¬ 
cated by that described under the eighth cervical, due without doubt 
to imperfect isolation of the irritation. 

JSighih Cervical. —A complex action comprising closure of the fist 
(inti'insio muscles and long flexors of fingers and thumb), pronation 
and flexion of the wrist (to the ulnar side), extension of the forearm 
loith retraction of the upper arm (long head of the triceps specially in 
action). The extensor muscles on the back of the forearm generally 
were specially observed in two instances to be rigid also. 

The action here described may be exactly imitated by pulling some 
object hanging in front downwards and towards the hip, or by draw¬ 
ing a scimitar from heel to point through some object lying in front. 
The miiscles involved imply stimulation of nerves conveyed in the 
ulnar, median, and musculo-spiral. ' 

The pectoralis major seems also to co-operate in this movement in 
man, but it was not specially observed in our experiments, though the 
shoulder was observed to be depressed. This would imply also the 
internal anterior thoracic, which anatomically is related to the cord 
formed by the eighth cervical and first dorsal. 

Seventh Cervical. —The upper arm is adducted, rotated inwards and 
retracted, and the forearm extended so as to bring the dorsum of the 
hand against the rump, the wrist and lingers flexed (at their second 
phalanges), so as to bring the tips of the fingers towards the radial 
side and against the rump. 

The action here described is the scalp tor ani movement, and involves 
ihe co-operation of numerous muscles. The teres major, latissimus 
dorsi, and subscapnlarisuppeared to he in action. The pectoralis major 
-was noted in one instance also. The triceps was also observed to be 
contracting, and also the long flexors of the fingers. 

These muscles would indicate stimulation of nerve-fibres contained 
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in the snbscapnlars, mnscalo-spiral, and median—^possibly also the 
external anterior thoracic to the pectoralis major. 

Sixth Gervi'cal. —The upper arm is adducted and retracted^ the fore- 
arm extended and ^ronaied, the wrist flexed^ and the palm of the hand 
brought against the pnbes. 

This movement generally occnrs quickly, and the palm of the hand 
is brought smartly backwards towards the middle line. 

It seems to be the action which, if the hands were the fixed point, 
would raise the body upon a trapeze or branch. 

We noted the contraction of the pectoralis, the latissimus dorsi, 
triceps, and flexors of carpus. The pronators were also evidently in 
action, though not visible. 

These muscles imply stimulation of the external anterior thoracic, 
long subscapular, and branches of the musculo-spii'al and median 
nerve. 

Pifth Gervical. —The upper arm is raised upwa^'ds and inwards, the 
forearm flexed and supinated, the wrist and hasal phalanges extended. 
The fingers assume a claw position with their distal phalanges bent.— 
The result of this action is to bring the hand up to the mouth. 
Among the muscles in action we specially noted the' deltoid, its 
clavicular portion more particularly, the serratus magnus, the flexors 
of the forearm—biceps, brachialis anticus, and supinator longus. 
Also the extensors of the wrist and basal phalanges. 

These muscles imply stimulation of nerves conveyed by the circum¬ 
flex, musculo-cutaneous, and musculo-spiral, and apparently also the 
median (long flexors of fingers). 

Fourth Gervical. —The shoulder and upper arm are raised upwards and 
hachwards, the forearm flexed and supinated (and the wrist extended ).— 
The action here is in other respects similar to that of the fifth cervical, 
except in the raising the arm upwards and backwards. Tte muscles 
we observed in action were the deltoid, the rhomboid, the supra- and 
infra-spinatus muscles, the flexors of the forearm and extensors of the 
wrist, though occasionally the last were not observed. 

During stimulation of this root respiration ceases from spasm of the 
diaphragm. 

The action described implies stimulation of fibres conveyed by the 
rhomboid, supra-scapular, circumflex, musculo-cutaneous, and musculo- 
spiral nerves, and also of the phrenic. 

We would likewise note a fact which may require further investiga¬ 
tion, viz., that in one case in which we specially directed attention to the 
pupil, during stimulation of the motor roots from the first dorsal up 
to the fourth cervical, no action on the pupil was observed, though 
the usual movements of the Kmb occurred. This is a fact which is of 
importance in reference to the question of a ciiio-spinal centre in the 
lower cervical region of the cord. 
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At present we merely note tlie above fact, reserving tbe subject for 
future inquiry. 


Th.e Inimbo-Sacral (Crural) Flexus, 

Tbe roots wbicb supply motor fibres to tbe lower extremity comprise 
tbe first sacral, seventh, sixth, fifth, and fourth lumbar in the monkey, 
corresponding, as already indicated, to the second sacral, first sacral, 
fifth, fourth, and third lumbar in man respectively. 

Stimulation of the second sacral, and of the third and fourth sacral 
in the instance where we exposed these roots, gave rise to movements 
of the tail. We could not determine movements of the pelvic 
muscles. 

First Sacral (second sacral in man).— Adduction and flexion of hallux 
(basal phalanx), flexion of the proximal 'phalanges of the toes with 
slight separation and extension of the distal phalanges. The tail also 
moves to the same side.—The action here is identical with that of 
the first dorsal in the brachial plexus, and is due to the intrinsic 
muscles of the foot. 

Seventh Lumbar (first sacral in man).— Flexion of the leg (ham¬ 
strings), plantar flexion of the foot (sural muscles), adduction of 
the hallux and flexion of the toes at the proximal phalanges (as in first 
sacral) with the addition of flexion of the hallux at the distal phalanx 
(long flexor).—The thigh is slightly rotated outwards, so that the 
plantar aspect looks towards the middle line. 

The tibial and peroneal muscles and long flexors of the fingers do 
not act. 

The nerves in action are branches of the great sciatic and its internal 
popliteal divisions. 

Sixth Lumbar (fifth lumbar in man).— Rotation outwards of thigh 
(which assumes a position midway between extension and flexion), 
flexion of the leg with inward rotation, so that the foot points inwards, 
plantar flexion of the foot - with flexion of the hallux and toes at their 
distal phalanges. The outer edge of the foot is somewhat raised.— 
This.complex action involves the co-operation of many muscles difficult 
to aualyse. We noted action of muscles in the gluteal region, the 
hamstrings, sural muscles, long flexors, the tibialis anticus and posticus, 
the peroneal muscles, and also the extensors of the toes. 

This involves stimulation of nerves from the trunk, and from the 
f external and internal divisions of the great sciatic nerve. 

Fifth Lumbar (fourth lumbar in man).— Extension of the thigh, exten¬ 
sion of the leg and pointing of greai toe. —The combined result is 
sira%hteniug of the whole limb directly backwards, and seems to be 
lie movement which immediately precedes the lifting of the foot to 
take another step forward in the act of walkii^. 
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The muscles we observed in action are the gluteal, the adductors, 
extensor cruris, and the peroneus longus. This latter explains the 
pointing of the great toe by depression of the base of the first meta- 
tarsal bone; and at the same time the raising of the outer edge of the 
foot. The sural muscles did not appear to contract. 

This apparently involves stimulation of nerves conveyed by the 
superior gluteal, anterior crural, obturator, and musculo-cutaneous 
branch of the external popliteal nerve. 

Fourth Lumbar (third lumbar in man).— Flexion of the thigh on the 
pelvis and extension of the leg. —This brings the leg in the line straight 
forwards. 

In addition to the ilio-psoas (evidently in action, though not visible), 
the sartorius, adductors, and extensor cruris were observed to contract. 
Ho action was observable in the muscles of the leg or foot. 

The nerves involved are conveyed by the anterior crural and obtu¬ 
rator trunks. 

Stimulation of the third lumbar (second in man) caused contraction 
of musdles in the flank, but no action in the leg. The cremaster muscle 
was not observed, though its contraction should be expected here. 
Stimulation of the second (first in man) and of the first lumbar nerves 
caused contraction of some muscles in the flank and hypogastric region. 

It will be seen that the movements which result from stimulation of 
the individual roots of the brachial and crural plexuses are not mere 
contractions, more or less strong, of various muscles (though many 
muscles are excited to contraction by more than one root, as previous 
experimenters have found), but a highly co-ordinated functional 
synergy in each case, as Remak has supposed. 

• The muscles thrown into action by each root are innervated in most 
cases by several nerve-trunks, whence it would appear that the plexi- 
form junctions of the various roots are for the purpose of distributing 
the requisite motor fibres in different trunks to the various muscles 
engaged in each functional combination. 

The result of section of each motor root would, therefore, be 
paralysis of the corresponding combination, not necessarily, however, of 
the individual muscles involved. For, as many of these are innervated 
by more than one root, the degree of paralysis of the muscles would 
depend on the degree of motor innervation by the root divided ; and, 
therefore, while weakened, they might yet act in other combinations in 
so far as they were supplied by other roots. Such' appears to us the 
real explanation of the fact stated by Panizza, that there was no abso- 
^te immobility of the limb in his experiments until every root was 

It is evident that the cervical and lumbar enlargements of the spinal 
cord are centres of highly co-ordinated muscular combinations. These 
(as Krause’s researches on rabbits, compared with ours, would seem to 

c 2 
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indicate) may differ in different animals according to tlieir habits and 
modes of activity. 

The results we have obtained are capable of numerous physiological 
and pathological applications, but for the present we content ourselves 
with the above brief statement of some of the more obvious conclu- 
sions which they seem to justify. 


III. “ On the Histology and Physiology of the Pepsin-forming 
Glands.” By J. Langley, M.A., Fellow of Trinity 
College, Cambridge. Communicated by Dr. Miohael 
Foster, F.R.S.. Received March 11, 1881. 

(Abstract.) 

This paper contains an account of observations upon temporariay 
JBufo vulgaris, Triton iceniatus, Triton oristatm, and Goluler natrix. 

In these animals the changes which take place in the pepsin-forming 
glands under various conditions, viz., digestion of varying amounts of 
food, attempted digestion of indigestible substances, as sponge, and 
fasting, were noted. 

Omitting the pyloric glands, which in these animals form only a 
minimal amount of pepsin, all the pepsin-forming glands present 
certain phenomena in common. In all, the living gland-cells contain 
granules, which diminish during digestion. In each the amount of 
pepsin^ contained by a definite weight of the gland-bearing mucous 
membrane is proportionate to the amount of granules contained by the 
gland-cells. An increase or diminution of the cell-granules, in what¬ 
ever way it is brought about, is accompanied by a corresponding 
increase or diminution in the pepsin-content of the cells. Further, in 
different parts of the pepsin-forming region the amount of pepsin 
present is proportional to the* granularity of the cells. 

Hence we may conclude that the granules consist wholly, or in part, 
of pepsin or of some substance capable of giving rise to pepsin. 

In some of these animals certainly, and probably in all, the fresh 
glands contain only a minimal quantity of pepsin, but, on the other 
hand, a large quantify of a substance from which pepsin can be 
obtained, i,e., zymogen. It follows, then, that in the previously men¬ 
tioned estimation of pepsin, the pepsin found resulted from the splitting 
up of zymogen, and consequently that the amount of z 3 riaogen con¬ 
tained by the gland-cells is proportional to their granularity. 

* The dried mucous memhiune was extracted with one hundred times its weight 
of hydrochloric acid, 0*2 per cent, Grutzner’s colorimetric method was used in 
making the estimations. 
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Hence we may conclude that the granules consist not of pepsin, but 
wholly or in part of zymogen. 

The processes in these pepsin-forming glands, then, closely resemble 
the processes which go on in the pancreatic gland. The oell-proto- 
plasm stores up zymogen. At the moment of secretion the zymogen 
is converted into ferment, and probably other organic substances found 
in the fluid secreted. 

In all the glands, with the exception perhaps of those of the snake, 
the cells, which diminish somewhat in size as well as in granularity in 
the first period of digestion, recover more or less completely their 
normal size and their normal granularity during the latter period of 
digestion. In other words, at a time when the using up of granules 
is still proceeding, fresh granules are formed; and, since the granules 
result from protoplasmic metabolism, we may conclude, bearing in 
mind the increase in size of the cells, that the protoplasm is also 
growing. 

Thus in any gland-cell, during at any rate the greater part of 
d^estion, three processes are going on at the same time, viz., the 
growth of protbplasm, the formation of zymogen by the protoplasm, 
the conversion of zymogen into secretory products. There are certain 
reasons which make it in a high degree probable that these three pro¬ 
cesses go on during the whole of the digestive period. Under certain 
conditions, there is a preliminary increase in the size of the cells and the 
granules before the normal decrease sets in. When the decrease in the 
size of the cells does set in, it is not sufficient to allow us to suppose 
that there is no growth of protoplasm; the casting out of the granules 
which have disappeared would, if there were no protoplasmic growth, 
leave the cell much smaller. The analogy of the change in the 
mucous salivary glands during secretion afibrds an instance in which 
the cell-protoplasm increases steadily during activity. 

Lastly, as regards the granules, it is clear that there might) be a 
fairly rapid formation of granules without any obvious change in the 
cell, provided the using up of granules went on at an equal rate. 

On the whole, then, it may be, I think:, fairly concluded, that, from 
the beginning to the end of the digestive period, the three processes 
mentioned go on. If this be the case, the different appearances of any 
cell as regards size and granularity depend upon the relative rates 
with which the three processes proceed at different times. 

When the amount of change which takes place in the gland-cells of 
different animals during digestion is compared, very wide differences 
are found. The most striking comparison is perhaps afforded by the 
glands in Triton tceniatus and those in Triton cristatm. At the fourth 
hour of digestion, when the cells have apparently secreted approxi¬ 
mately proportional amounts of pepsin, z.e., when they have used up 
an approximately proportional amount of granules, the observable 
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diminutiion of grarmles in tlie gland-cells of Triton crisiatm is enor- 
moasly less than the observable diminution of grannies in the gland- 
cells of Triton tceniatus. 

This can, I think, only result from the formation of granules pro¬ 
ceeding more hand-in-hand with the using up in the former than in 
the latter. 

This and other similar facts lead ufe to conclude that the differences • 
in the amount of histological change which takes place in the pepsin¬ 
forming glands of different animals, is the consequence of the three 
changes above-mentioned proceeding in each animal at different 
relative rates. 

It is well known that in various glands, typically the pancreas, the 
granules are found during secretion aggregated around the lumina, 
the outer portions of the cells being non-granular and homogeneous. 
The cause of this appearance is, no doubt, in part due to a more rapid 
growth of protoplasm in the outer than the inner portions of the 
cells j in part, also, I think it is due to the granules being moved by 
the protoplasm towards the lumen. It is necessary, I think, to 
assume such a transference of granules, since neither the unequal 
growth of protoplasm, nor, what might also be imagined, an unequal 
•using up of granules in the two regions of the cells, is sufficient to 
account for the changes which take place. Since the granules before 
they disappear become smaller, they will be smaller in that part of 
the cell in which they are being used up "most actively. But, as a 
matter of fact, the granules are equally affected throughout the cell, 
so that the outer clear zone cannot arise from a more rapid using up 
of granules in that part of the cell. As to the more rapid growth of 
protoplasm, it fails to explain how the granules, which in the first 
stage of digestion become few and scattered in the outer half of the 
cell, can in the latter stages of digestion be arranged in a dense mass 
around the lumen; it leads, moreover, to the very improbable hypo¬ 
thesis that when the granules have entirely disappeared from the cells, 
the cell protoplasm has completely regrown from the periphery. 

The pepsin-forming glands which we are considering in this paper, 
offer some other interesting forms of cell activity. In some no dis¬ 
tinction of zones occurs, the granules become smaller and less 
frequent in all parts of the cells, without any alteration in their 
relative distribution; in others there is formed a small non-granular zone 
in the inner part of the cells. This inner non-granular zone, though 
obvious enough in certain states of the glands, does not reach the 
proportions which the outer non-granular zone attains in the pancreas 
»and other similarly constructed glands. 

Further, we find, in these glands, ah stages of transition between 
three types of cell-change in activity which have just been men- 
i^maed. Thus, the oesophageal glands of the frog form a large outer 
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non-gramilar zone, the oxyntic glands* of Triton tceniatus^ form nor¬ 
mally a less developed, though distinct, outer zone, this being less in 
the posterior than in the anterior oxyntic glands. In the glands of 
Triton cristatus, the outer zone is reduced to a minimum, or is repre¬ 
sented .only by a greater thinning out of granules in the peripheral 
part- of the cells; the scanty oesophageal glands of the toad show 
a bare trace of a similar difference in the two parts of the cell. In the 
greater number of the oxyntic glands of the snake, and in the anterior 
oxyntic glands of the stomach of the toad, neither an outer nor an 
inner zone is formed, but in passing backwards to the posterior oxyntic 
glands in both of these animals, an inner non-granular zone gradually 
becomes obvious.. The inner zone reaches its greatest development, so 
far as I have observed, in the posterior oxyntic glands of the frog. 

In this brief account the general conclusions which can, I think, 
be drawn from the study of the pepsin-forming glands are only given, 
I have made no reference to the important papers of Heidenhain, 
Griitzner, Swie^icki, ISTussbaum, Partsch, and others on the same 
subject. I have discussed their work in the fuller paper, which con¬ 
tains the details on which the conclusions here given are based. 


March 31,1881. 

THE PHESIDEHT in the Chair. 

The Presents received were laid on the table, and thanks ordered 
for them. 

The following Papers were read;— 

I. “On the CoeflScients of Expansion of the Di-iodide of Lead, 
Pbig, and of an Alloy of Iodide of Lead with Iodide of 
Silver, Pbl^^Agl.” By G. P. RoDWELL, F.R.A.S., F.C.S., 
Science Master in Marlborough College. Communicated 
by Professor A. W. WilJLiAMSON, For. Sec. E.S. Received 
March K), 1881. 

(Abstract.) 

The author having referred to his previous papers on the co¬ 
efficients of the iodides of silver and mercury, and of certain chloro- 

* I propose to use the term “ oxyntic ” (oivvctv, to make sour, to acidulate) for 
those glands which are called by different observers by the inappropriate names 
“fundus/* “ peptic/* or “ rennet” glands. 
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bromidides of silver, continiies tbe same metbods of determining tbe 
coefficients of tbe iodide of lead, and of an alloy of tbe iodides of lead 
and silver. Various alterations in the apparatus, which by the 
diminution of friction and other means have rendered it much more 
delicate than before, are described. The iodide of lead was found to 
possess three coefficients of expansion; the first for temperatures 
between 0® and 205° 0.— 

*00008317 cubical expansion for 1°C.; 

the second, a very high coefficient, between 205° C. and 253° 0.— 

‘0006378; 

and the third, for temperatures between 253°C. and the fusing 
point— 

•000180. 

The volumes at the different temperatures are given and tabulated, 
and the curve of expansion is plotted. 

The lead silver iodide, Pbl^-Agl, is next examined. 

It contains in 100 parts :— 

Iodide of lead. 66*206 Lead. 29*7449 

Iodide of silver .... 33 *794 Silver - 15 *5642 

Iodine .... 54 *6909 


100 -000 100 ‘0000 

Between 0° and 118° C., it slowly expands when heated, with a 
cubical coefficient for 1° G. of 

•0000306. 

Then for a few degrees (118—124° C.), it simply absorbs heat 
without contracting or expanding. On reaching a temperature of 
124° 0., the mass commences to contract on further heating, and this 
continues until a temperature of 139° 0. is attained. Details of the 
contraction are given, and the curve of contraction is compared with 
that of the iodide of silver. Between 139 and 144° C., heat is again 
absorbed without change of volume; and above 144° 0. the alloy 
expands somewhat rapichy, with a coefficient of 

•0001150. 

The volumes at various temperatures between 0° and the fusing point 
are given, and are shown in a curve. 

The following points are noted in regard to the alloy:— 

1. It possesses a similar density at three different temperatures, as 
at 0° G., 130° G., and 282° C. 

2. Although it contains only 33*794 per cent, of iodide of silver, it 
(^ntracte as considerably during heating as the iodide, of silver itself. 
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8. While the iodide of silver commences its contraction at 142° 0., 
and finishes it at 145°*5 C., the alloy commences to contract 18° C. 
lower (viz., at 124° C.) and finishes 6°*5 C. lower (viz., at 139° F.). 

4. The chlorobromiodides of silver (‘^ Proc. Itoj. Soc.,” vol. 25, 
p. 292) also began to contract on heating (an effect which, of conrse, 
we must attribute solely to the presence of iodide of silver), at 124° 0., 
but they finished at 133° C- 

5. The harsh sounds emitted by the alloy during cooling, and the 
tremors simultaneously propagated through the mass, prove that 
violent molecular agitation is going on at such time as the iodide of 
silver is passing from the amorphous plastic condition to the brittle 
crystalline condition, within the mass of the iodide of lead. 

6. The fusing point of the alloy is 125° C. lower than that of the 
iodide of silver, which constitutes one-thii*d of its weight, while it is 
only 19° G. higher than that of the iodide of lead, which constitutes 
two-thirds of its weight. 

7. If the lowering of the fusing point (also markedly apparent in 
the case of the chlorobromiodides of silver) is due to the fact that 
RTTnilfl.-r particles of matter attract each other more powerfully than 
dissimilar, and hence when the particles of two bodies are mutually 
diffused, the attraction becomes less, and the molecular motion is 
consequently more readily assimilated, the same cause may serve to 
explain the commencement of the phase of contraction on heating the 
alloy at a temperature of 18° C. lower than the substance to which it 
owes this property. 

The lead silver iodide alloy is finally compared with a chlorohrom- 
iodide of silver, which latter, although it contains 8 per cent, more of 
iodide of silver than the lead silver iodide alloy, undergoes a contraction 
on heating, which is more than twenty times less, although in both 
cases we must regard the effect as solely due to the iodide of silver. 


II. Permanent Molecular Torsion of Conducting Wires pro¬ 
duced by the Passage of an Electric Current.” By Pro¬ 
fessor D. E. Hughes, F.R.S. Received March 17,1881. 

In a paper on ‘‘ Molecular Electro-Magnetic Induction,*’ presented 
to the Royal Society March 7,1881 (p. 524), T gave a description of 
the induction currents produced by the torsion of an iron wire, and 
the method by which they are rendered evident. The electro-magnetic 
induction balance there described is so remarkably sensitive to the 
slightest internal strain in anywise submitted to it, that I at once 
perceived that the instrument could not only determine any me¬ 
chanical strain such as torsion or longitudinal stress, but that it might 
indicate the nature and cause of internal strains. Upon putting the 
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question to it, does the passage of electricity through a wire produce 
a change in its structure ? the answer came, it does, and that to a 
very considerable extent; for an iron wire adjusted to perfect zero, 
and which would remain free from any strain for days, becomes in¬ 
stantaneously changed by the first passage of a current from a single 
cell of Daniell’s battery; the wire has now a permanent twist in a 
direction coinciding with that of the current, which can be brought 
again to zero by mechanically untwisting the wire, or undoing that 
which the passage of electricity has caused. Before describing the 
new phenomenon, I will state that the only modification required in 
the apparatus, is a switch or key by means of which the telephone 
upon the wire circuit is thrown out of this circuit, and the current 
from a separate battery of two bichromate cells passed through the 
wire alone, at the same time, care being taken that no current 
passes through the coil, but that its circuit should remain open during 
the passage of the electric current through the wire under observation; 
an extra switch on this circuit provides for this. The reason for not 
allowing two currents to react upon each other, is to avoid errors of 
observation which may be due to this cause alone. When, however, 
we take an observation, the battery, is upon the coil and the telephone 
upon the wire alone; an experiment thus consists of two operations. 
Pirst, all external communications interrupted, and an electric current 
passed through the wire; and, second, the electric current taken ofi 
the wire, and all ordinary communications restored. As this is done 
rapidly by means of the switches, very quick observations can be 
made, or if desired the efiects of both currents can be observed at the 
same instant. 

Now, if I place upon the stress bridge a soft iron wire ^ millim. dia¬ 
meter, 25 centims. long, I find, if no previous strain existed in the wire, 
a perfect zero, and I can make it so either by turning it slightly back¬ 
wards or forwards, or by heating the wire to a red heat. If I now give 
a torsion to this wire, I find that its maximum value is with 40° torsion, 
and that this torsion represents or produces electric currents whose 
value in sonometric degrees is 50; each degree of torsion up to 40 
produces a regular increase, so that once knowing the value of any 
wire, we can predict from any sonometric readings the value in torsion, 
or the amount of torsion in the opposite direction it would require to 
produce a perfect zero. 

If now I place this wire at zero, and thus knowing that it is entirely 
free from strain, 1 pass an electric current through it, I find that this 
wire is no longer free from strain, that it now gives out induction 
currents of the value of 40, and although there is no longer any 
battery current passing through this wire that the strain is permanent, 
the outside coil neither increasing or diminishing; the internal strain 
it has received by the passage of an electric current through the wire, 
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upon giving a torsion to tlie wire in one direction, I find the inductive 
force increase from 40 to 90, but in the other direction it is brought to 
zero, and the amount of torsion some 35° required to bring the wire 
again to zero represents exactly the twist or strain that had been 
produced instantaneously by the passage of an electric current. If I 
repeat the experiment, but reverse the battery current sent through 
the wire, I find an opposite twist of exactly the same value as pre¬ 
viously, and that it now requires an opposite torsion to again bring 
the wire to zero. It is not necessary, however, to put on an equal 
opposite torsion on wire to bring the currents to zero, for, as I have 
shown in my late paper, the sonometer not only allows us to measure 
the force and indicate its direction, but allows us to oppose an equal 
electric current of opposite name, thus producing an electrical zero in 
place of the mechanical one produced by torsion. 

Evidently here there has been a sudden change in the structure of 
the wire, and it is a twist which we can both measure and reproduce. 
The qtLestion at once becomes, has a molar twist been given to the 
wire such as would be detected by the arm or free end of the wire, 
or a molecular change leaving no trace upon its external form of what 
has passed ? 

It will be found that, notwithstanding that it requires some 40° 
of torsion to annul the effects of a passage of an electric current, no 
visible movement nor any tendency of the free end to turn in the 
direction of the twist it has received can be observed. I believe, 
however, to have noticed a slight tremor or movement of half a 
degree, but as I could not always reproduce it, and as it is so slight 
compared with the 40° of internal twist, I have not taken it into 
account, for if the wire is firmly fastened at both ends, no molar 
torsion being possible, except an elastic one, which would instantly 
spring back to zero, the current on passing produces its full effects of 
twist and it is permanent. Thus, the molecules have in some extra¬ 
ordinary way rearranged themselves into a permanent twist, without 
the slightest external indication of so great a change having taken 
place. An equally remarkable change takes place in aid of, or against 
(according to direction of current) an elastic permanent strain. 
Thus, if I first put the wire under 40° right-handed permanent tor¬ 
sion, I find its value to be 50. Now, passing the positive of battery 
through its free end, and negative to fixed end, the induction currents 
rise at once in value fco 90; if, now, the negative is momentarily 
passed through the free end and positive to fixed end the induced 
currents at once fall to 10, and these effects remain, for on taking off 
the elastic torsion the wire no longer comes to zero, but has the full 
twist value produced by the current. 

Tempered steel gave only one or two degrees against 50 for soft 
iron, but supposing this might be due to its molecular rigidity, I care- 
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fully brought the wire to zero, and then observed the first contact 
only. I found, then, that the first contact gave a value of 40, but 
the second and following only one or two. By bringing the wire 
back to zero by a momentary touch with a magnet, a continued force 
of 40, or if constant reversals were used instead of a simple contact, 
there was constant proof of a similar great molecular change by the 
passage of a current in steel as well as iron. 

I can find no trace of the reaction of the wire upon the magnetism 
of the earth, as in all positions the same degree of force was obtained 
if great care is take that the wii‘e is absolutely free from longitudinal 
magnetism. There is, however, a sKght reaction upon its own return 
wire if brought within 1 centim. distance of the wire, and this reduces 
the twist some 10°. The maximum effects are obtained when the 
return wire is not nearer than 25 centims.; thus, the action is not 
one produced by a reaction, but by direct action upon its internal 
structure. 

Copper and silver wires so far show no trace of the action. I 
believe, however, that a similar strain takes place in all conductors, 
and I have obtained indirectly indications of this fact; in order, how¬ 
ever, to verify this, would require a different method of observation 
from the one I have described, and I have not yet perfected the 
apparatus required. 

It seemed probable that if I approached a strong permanent magnet 
to the wire, I should perceive a twist similar to that produced by the 
passage of a current; but no such effects were observed, but it has 
a most remarkable effect of instantly bringing* to zero a strain pro¬ 
duced by the current, and, no matter which pole, the effect was the 
same. Thus, a strain of 50°, which remains a constant, instantly dis¬ 
appears upon the production of longitudinal magnetism, and I have 
found this method of reducing an iro^ wire to zero of strain far more 
effective than any other method yet tried, such as vibrations, heat, 
twisting, &o. 

It wifi be seen from this that the molecular arrangement set up 
by magnetism is very different from that produced by the passage 
of an electric current. It evidently has a structure of its own, else 
it would not have instantly destroyed the spiral strain left by the 
passage of electricity if it had not taken up a new form, as rendered 
evident in the longitudinal magnetism, which we could at once per¬ 
ceive on the wire. This question, however, belongs to a separate 
investigation, and I hope the apparatus will aid me later in throwing 
some new light upon this subject. 

Another method of reducing the wire to zero, after the passage of 
a current, is to keep the wire in a constant state of vibration. It 
require in time about one minute to bring it to zero, but if, on the 
contrary, I set the wire vibrating daring the passage of the current, 
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tke permanent twist becomes greater and more difficult to reduce 
to zero. 

If a wire wHcb has internal strains is heated to redness, these 
strains almost entirely disappear, and I can thus reduce by heat a 
strain which a current had produced, but heat, whilst allowing of 
greater freedom and motion of its molecules, does not prevent an 
internal strain being set up, for whilst heat can reduce the wire to 
zero, after the passage of the current, the effects are increased. If, 
during the time that the wire is' at a red heat, the current is passed 
in the same time, and at the same instant we take off the current and 
the external heat, the wire when cold will be found to have a higher 
degree of strain than previously possible with the wire when cold. 

We have seen that both mechanical vibrations and heat can reduce 
the wire to a zero, but its action is very slow, several minutes being 
required; but the action of electricity in producing a permanent twist 
is exceedingly quick. I have found that a single contact, whose dura¬ 
tion was not more than O'Ol of a second, was equal to that of a 
prolonged contact of several minutes, and magnetism was equally as 
quick in reducing this strain to zero. And it is the more remarkable 
when we consider the very great mechanical force required by torsion 
of the wire to untwist the strain produced in an instant of time by 
electricity. 

The results I have given are those obtained upon soft iron wires of 

millim., but I have experimented with different sizes up to 8 millims. 
diameter. The results with 1 millim. diameter were quite as evident 
as the ^ millim., but on the 3 millim. wire the strain was reduced 
to 25° instead of 50°, owing to the extreme rapidity and low electrical 
resistance^ompared with my small battery wires. On a telegraph 
line, the wire of which is almost entirely of iron, there must be a very 
great strain set up, which, howeter, would remain a constant, except 
where reversed currents are used, and in this case a constant move¬ 
ment of the molecules of the wire must be the result. 

-I believe ib'-to be most important that we should determine, as far 
as we can by experimeni^l research, the nature of all molecular 
changes produced by electricity and magnetism, and in this belief 
1 am happy in being able to bring this paper before the Royal 
Society.. 


III. On the Tendinous Intersection of the Digastric.” By G. 
E. Dobson, M.A., M.B. Communicated by Professor J, D. 
Macdonald, M,D., F.R.S. Received March 14, 1881. 

The digastric muscle in man and in many other mammals consists 
as is well known, of an anterior and a posterior portion, united by a 
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tendon, or baYing tlieir limits defined by an intermediate tendinous 
intersection. In most mammals, liowever, this tendinous intersection 
is either very feebly defined, or it is altogether absent. What, then, 
is its meaning when present, and on what does its relative development 
depend ? 

The distinct tendon which exists between the anterior and posterior 
bellies of the digastric in man and in other Frimates, might reasonably 
be supposed to be produced by tension from the aponeurotic loop, which 
attaches it to the greater cornu of the hyoid bone; but in many species 
of other orders a tendon or tendinous intersection is found where the 
connexion of this muscle with the hyoid bone is either very feeble, or 
distributed equally over the whole extent of its anterior belly, or 
obsolete; and in which, moreover, the direction of the intersection, 
where it traverses the substance of the muscle, is almost invariably 
oblique* and directed downwards, forwards, and inwards in a direction 
leading from and not towards the hyoid. The true significance of the 
tendinous intersection is to be found, as I shall endeavour to show, in 
the remarkable form assumed by the anterior belly of the muscle in 
certain species. 

While engaged in the dissection of a specimen of that rare mammal. 
Gymnura rafflesii^f I was much struck by the peculiar form of the 
anterior belly of the digastric. About the middle of the muscle, at its 
narrowest part, it is traversed by an oblique tendinous intersection 
more marked internally, arising from the upper margin, which is con¬ 
tinued inwards and slightly forwards from its lower and internal 
margin as a tendinous band across the mylo-hyoid muscle, to unite in 
front of the hyoid bone with the corresponding band from the opposite 
side. Fron^ the tendinous raphe thus formed, muscular fibres arise, 
which, extending forwards and inwards, cover the anterior three- 
fourths of the mylo-hyoid and part of the genio-hyoid muscles, and 
passing above the margins of the anterior bellies of the digastric 
muscles of opposite sides, are inserted with them and for some distance 
in front of them, into the rami of the mandible. 

This horizontal muscular expansion, which takes its origin thus 
from the tendinous intersection and its median continuation, might 
also be described as a deep division of the anterior belly of the muscle, 
commencing at the tendinous intersection, and uniting with its fellow 
of the opposite side along the middle line between the jaws. Its 

* In some species it is nearly straight, but this does not depend on attachment to 
the greater cornu of the hyoid bone, as I purpose showing further on. 

f 1 owe the opportunity which has been afforded me of examining the anatomy 
of this rare species to the kindness of M^r. W*. T. Blanford, F.R.S., whom I have 
also to t hank for many specimens of Oriental Insectivora, which have furnished me 
"wA. much valuahle nmterial in working out my systematic and anatomical mono- 
of the Imectwara, 
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posterior margin, tie tendinous rapie, above described, is concave, 
quite free from tie hyoid bone, but attached to a fascial aponeurosis, 
which passes backwards over it and the stemo-hyoid mnscles. 

On removing this muscular expansion, the mylo-hyoid muscles are 
fonnd beneath, very thin, not extending half the distance between 
the hyoid bone and the symphysis menti. 

In Tupaia ellioti the anterior bellies of the digastric also unite in the 
middle line between the jaws, but there is no separate superficial 
external lamina in direct continuation with the posterior belly as in 
Ghfmjiura rafflesii. The intersecting tendon is narrower but more dis¬ 
tinct, arises as in that species from the upper margin of the muscle, 
and is continued downwards, forwards, and inwards to unite with the 
corresponding tendon from the opposite side across the mylo-hyoid, 
precisely as in 6^. raffiesii; but, unlike its condition in that species, 
it is closely adherent to the muscle on which it lies, and is connected 
by a sti’ong fibrous aponeurosis with the body of the hyoid bone, while 
the greater cornu receives also some tendinous fibres from the lower 
margin of the posterior belly. The united anterior bellies pass forwards, 
taking their origin from the tendinous raphe, and, separating slightly 
near the symphysis, are inserted into the rami of the mandible, and 
by a fibrous aponeurosis into the symphyseal angle. The mylo-hyoid 
muscles, nearly wholly concealed by them, are, as in G. rafflesii^ feebly 
developed, and do not extend more than half their length. 

In Ghiromys madagaseariensisy the anterior bellies of the digastric 
muscles are united between the jaws,* but in other Lemuroids, as also 
in man, they are separate, each consisting of “ two thick fleshy 
bellies with a long and strong median tendon.Iii Loris gracilis I 
found a strongly marked oblique tendinous intersection (which has 
been described as a rudimentary tendon),J connected by a fibrous 
aponeurosis with the greater cornu of the hyoid bone and also with 
the surface of the mylo-hyoid in front of it, so that here we have 
evidently a case of oblique tendinous intersection passing into 
tendon. 

In Lj. macrocephalus and in E. minor, among the Gkiroptera, I found 
the anterior bellies double, the deep lamina united and forming a 
horizontal muscular expansion extending backwards even behind the 
hyoid bone, but wholly unconnected with it, its posterior margin 
being connected laterally with the tendinous intersection and 
medially with a fascial aponeurosis loosely covering the sterno-hyoid 
muscles. It is especially interesting to note that here, where union of 
the muscles extends so far backwards, the tendinous intersection is 
vertical, or nearly so, and the direction of the fibres of the deep or 

* Owen, Trans, ZooL Soc.,” v, p. 43. 
f Miirie and HiTart, “ Trans. Zool. Soc.,” wi, p. 18, 

X By Van der Eolk and Vrolik, referred to by Muiie and Mivart, loc. ciL 
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intercal lamina transverse, "wliile tbose of tlie superficial external part 
spring from it at right angles to its direction and pass forwards to 
their insertion into the jaw at a short distance in front of tlieir origin. 
Here then we have a vertical tendinous intersection nnconnected with 
the hyoid bone. The mylo-hyoids are altogether absent, their places 
and part of their function being evidently taken by the united 
digastrics, which extend almost the whole length of the jaws ; while 
their action on the hyoid is performed by the greatly developed genio¬ 
hyoid muscles. 

In the much larger but externally very similar species,* JSpomo^ 
pliorm franquetiy the anterior bellies of the digastrics are single and 
not united between the rami of the mandible, and the mylo-hyoids 
are present and well developed; the tendinous intersection described 
above is, nevertheless, visible, and though much less defined than in 
B, minoTy occupies precisely the same relative position, and has the 
same vertical direction. 

In Kerpestes nipalensis the digastrics are very large and united 
between the jaws; the tendinous intersection is nearly vertical and is 
continued inwards to unite with the corresponding band from the 
opposite side slightly behind the hyoid bone. The raphe thus formed 
is connected with the fascia covering the sterno-hyoid muscles ; and 
the deep surface of the united bellies is inseparably united, along the 
middle line, with the very feebly developed mylo-hyoids which they 
conceal altogether. 

In man, as an anomaly, the fibres of the two anterior bellies have 
been found blended with each other, and expanded into a muscular 
plane with considerable attachment to the jaws ;t or the anterior 
belly has been found double, the second part uniting with its fellow 
in a median raphe below the chin, overlapping the mylo-hyoid 
muscle;J or the tendon of intersection not unfrequently is continued 
from ofie side across to the other, forming a zone immediately above 
the hyoid bone, to the body of which it is tied down by fibrous tissue; 
from the upper surface of this the anterior bellies arise, either a, 
distinct, or more rarely inseparable. § 

It may be-observed that this last described condition is precisely 
that of the same muscles in Tupaia elliotiy and is extremely interest¬ 
ing, as evidently indicating reversion to a state of the muscle, pro¬ 
bably once normal in ancient mammalian types, and which is now 
represented in man and most other mammals by a fascial layer only— 
the suprorliyoid aporimrosis —which, springing from the tendons of the 

* All the species of this genus agree very closely in certain external characters. 
(Bee “ Catal. Chiropt. Brit. Hus.,” p. 5.) 

t Heisehmann, quoted hy McWhinnie, “ bond. Med. xxxvii, p. 186. 

J Wood, quoted hy Macalister, Trans. Boy. Irish Acad.,” xxv, p. 83. 

5 Macalister, loe, cii. 
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digastric mnseles of opposite sides, extends between their anterior 
beUies, covering the mylo-hyoid and part of the genio-hyoid mnseles, 
as the similarly placed mnscnlar expansion in Ggmnura and in Tupaia, 

In the species of the genns Brinacev,s (the only other genns in¬ 
cluded with Gymnura in the family JEJrinaceidce), a superficial oblique 
tendinous intersection occupies precisely the same position as in Gijrrb- 
nura^ but is much less developed; it extends from the upper margin 
of the muscle (which is nearly of the same calibre from its origin to 
its insertion), appearing on both surfaces as an obliq^ue tendinous 
inscription, and on reaching its lower margin is continued inwards 
into a fascial expansion extending between the anterior bellies of the 
muscles of opposite sides, covering the mylo-hyoid muscle, but no 
muscular fibres arise from it, as in Gymnura. In Gentetes ecaudatus and 
Bemicenietes madagascariensis, in Fteropm edulis and medius^ and pro¬ 
bably in all the species of that genus, in Bpomophorus franqueti 
(referred to above), in Megaderma lyra, in Pkoca communis^ and in 
Gavia a^perea^ for instance, though the fascial expansion may be either 
absent or feebly marked, the transverse tendinous inscription is trace¬ 
able, although its presence in some, as in Gentetes ecaudatus^ is indicated 
only by a fnint superficial oblique line surrounding the muscle in the 
usual position.’*^ In these species, in which the anterior bellies of the 
digastrics are not expanded and united between the jaws, the mylo¬ 
hyoid muscles are well developed. 

The peculiar development of the anterior bellies of the digastric 
muscles in the species referred to above, and the relations between it 
and the tendinous intersection, demonstrate that, whatever form this 
intersection may assume, whether that of a rounded tendon, tendinous 
band traversing the substance of the muscle, or feeble superficial ten¬ 
dinous inscription, it has evidently been originally developed in 
ancestral forms in the same manner, namely, as the point of attach¬ 
ment of a tendinous raphe extending inwards from the digastrics of 
opposite sides, and giving a fixed point from which the greatly ex¬ 
panded internai laminss of their anterior bellies take their origin. In 
most species of mammals the anterior bellies are no longer united 
between the jaws,, but the presence in many of a transverse tendinous 
intersection or inscription stiH indicates their original connexion. 

While it appears evident that the original form and relations of the 
tendinous intersection of the digastric, if not in all mammals, at least 

* Professor Humphry thus describes it iu JPhoca communis and in Cama 
aperea :—“ JTear its middle it presented in the seal a superficial transverse tendi¬ 
nous division which is probably the representative of the more distinct tendinous 
division in man j” in the latter species, “ where the muscle passes further forwards 
nearer to the symphisis, the tendinous division is still more marked, involving the 
greater number of the fibres, yet the muscle has nearly a straight course from its 
origin to its insertion.’^—Joum. Anat. Phys.,” ii, p. 320. 
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in all those now showing a trace of tendinous inscription in that mnscle, 
were such as we still find it in Gymnura rafflesii and Dpomopliorus 
minoTy its modified form or apparent total absence in most species 
remains to be acconnted for. 

The leading modifications of the muscle, including what I consider 
its primary form, may be arranged as follows :— 

A. "With the anterior bellies united across the space between the 
rami of the mandible, the mylo-hyoid muscles feeble or absent. 

a. Anterior belly double. Ex., Gymnura. 

h. Anterior belly single. Ex., Tu'paia. 

B. With the anterior bellies separate, scarcely or not exceeding the 
posterior in calibre. 

c. Tendinous intersection distinct. Ex., JEomo. 

d. Tendinous intersection rudimentary. Ex., Drinaceus. 

e. Tendinous intersection absent. Ex., Ganis. 

And with respect to its attachments to the hyoid bone :— 

C. Connected by ligament or by tendinous fibres with the hyoid 
bone. Ex., Homo, Tupaia. 

B, Unconnected. Ex., Ganis, Gymnura. 

Where the digastric is directly connected by ligament with the greater 
cornu of the hyoid bone, as in man, other Primates, and the Eodentia, 
tension on the middle of the muscular mass would tend to the dis¬ 
appearance of the muscular fibres in the part directly acted upon, and 
so the tendinous intersection would alone remain forming a tendon 
where, on the other hand, as in the dog and most other mammals, there 
is no such connexion, or the connexion is by fascial aponeurosis equally 
distributed between the sides of the anterior bellies of the muscles and 
the hyoid bone, as in Prinaceus, the character of the digastric would 
be mainly muscular throughout, Uow, the special deyelopment of 
the central tendon, or its absence, appears to me to be directly related 
to the attitude of the head of the animal with respect to its body 
when engaged in swallowing its food. In the Primates, in most of the 
Bodmtia, and in the arboreal InsecUvara, the food is swallowed while 
the body is in the erect or semi-erect posture, and the head being bent 
forwards the cavity of the mouth is at right angles with the ceso- 
phagus.f In this position the mylo-hyoid and genio-hyoid muscles 
are relaxed, and cannot act eOBciently in drawing the hyoid bone 
upwards and forwards, so as to allow the masticated mass of food to 
pass into the oesophagus; this duty, therefore, partly devolves on the 

* The infcemediate addition is well seen in Loris gracilis and in Tupaia eMoii, 
as described above. 

f The attitude of the head with respect to the body is of course mainly connected 

the position of the foramen magnum, and the latter with the development of 
the brain. 
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digastric muscles, and tlie strain on tlieir central parts, as explained 
above, leads to tbe disappearance of mnscnlar fibre in tbe neigbbonr- 
bood of tbe tendinous insertion, wbicb accordingly becomes a tendon 
uniting two flesby bellies. On tbe other band, in most of tbe Mam¬ 
malia, tbe nsnal attitude is prone, and tbe cavity of tbe moutb, when 
tbe food is being swallowed, is in a line with tbe cesopba^us, or nearly 
so ; in sucb a position tbe mylo-byoid and genio-byoid muscles can act 
effectively in elevating and drawing tbe byoid bone forwards, and 
deglutition is effected witbout- tbe aid of tbe digastric muscles, wbicb 
are accordingly simple and unconnected witb tbe byoid,, as in tbe 
dog or, if intersected, tbe tendinous band is either tbe origin of a 
rapb6 continued inwards, as described in Gynmura and JEJp 077 iophonis 
(wbicb may be, as in these genera, wholly unconnected witb tbe byoid), 
or tbe rudiment of sucb in an ancestral form. 


IV^. '^Note on Protagon.” By Hekrt E. Roscoe, LL.D., F.R.S. 
Received March 16, 1881. 

In bis communication to tbe Royal Society of January 6tb last, on 
tbe subject of the presence or absence of potassium in protagon, 
Dr. Tbudicbum endeavours to raise an entirely false issue. Tbe 
question I bad to decide was not whether protagon contains a trace of 
potassium, but whether, to quote Dr. Tbudicbum^s own words, it con¬ 
tains “ no less than 0’76 per cent, of potassium.*’ In tbe first instance 
I endeavoured to settle this matter by spectroscopic investigation, and 
employed two samples of protagon which bad been prepared under 
Dr. Gramgee’s direction in tbe course of tbe research of wbicb be com¬ 
municated the results to tbe Royal Society. In one of these samples, 
wbicb bad been four times crystallized, I was unable to detect any 
potassium; tbe quantity of tbe body at my disposal was however 
small, as tbe rest of tbe specimen bad been employed in previous 
work, and Dr. G^mgee placed in my bands a large sample of protagon 
oidy twice crystallized, wbicb bad been prepared by Dr. Blankenborn 
under bis direction, and it was an analysis of this latter specimen 
which I communicated to tbe Royal Society. As stated, I estimated 
by spectroscopic means tbe amount of potassium present in 1 grm. of 
the substance to be ^ milligram, that is, 0*005 per cent. To 

these observations of mine, Dr. Tbudicbum replied by a paper entitled 
“ On tbe Modifications of tbe Spectrum of Potassium wbicb are 
effected by tbe presence of Phosphoric Acid, and on the Inorganic 

* The diflBculty experienced by a dog in swallowing when the head is bent for¬ 
wards is well known to every one who has seen one attempting to swallow even 
a moderate sized morsel when seated erect in the familiar attitude known as beg¬ 
ging.** 
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Bases and Salts which are found in comlDmation with the Educts of 
the Brain,” lu this paper an attempt is made to prove that 
remarkable difficulties exist in obtaining the characteristic potassium 
line, and when even pure potassium phosphate is strongly heated. L 
do not deem it necessary to discuss with Dr. Thudichum, as bearing 
upon the detection of potassium by the spectroscope, the accuracy of 
such a statement as the following:—“ Even a large bead of pure 
potassium phosphate, when ignited before the slit of the spectroscope 
never produces even at a white heat any such intense red potassium 
line as the smallest bead of potassium chloride,” but shall merely 
state that, by numerous experiments, I have satisfied myself of the ease 
with which traces of potassium phosphate can be detected spectro¬ 
scopically even in presence of a large excess of phosphoric acid; and 
that I am convinced thatthe estimate of the quantity of potassium 
present in the protagon reported upon in my first communication was 
a remarkably close approximaftion to the amount really present. 

After Dr. Thudichum’s reply, which seemed to leave it an open 
question, whether any reliance should still be placed upon his state¬ 
ment that protagon contained 0*76 per cent, of potassium, I deter¬ 
mined to check that statement by a gravimetric analysis. Unfortu¬ 
nately a sufficient quantity of the sample first analysed was not 
available, and Dr. Gamgee supplied me with the remains of 130 grms. 
of protagon, twice crystallized, which had been prepared under his 
eye by Mr. Adolph Spiegel for experiments on the products of decom¬ 
position of that body. It was this specimen in which an analysis 
proved the presence of 0’0236 per cent, of potassium. So far, there¬ 
fore, from confirming Dr. Thudichum’s statement, this specimen was 
found by me to contain less than one-thirtieth of the amount of potas¬ 
sium which Dr. Thudichum asserts to be present in protagon. 

That the first crystallizations of a proximate principle of the brain, 
such as protagon, should contain a trace of potash-salts is what would 
naturally have been anticipated from a knowledge of the nature of 
the soluble salts of the brain, and, therefore, to argue against the in¬ 
dividuality of protagon, because of the presence of 0*0236 per cent, of 
potassium in a second crystallization-product, appears to be entirely 
fallacious. 
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THE PEESIDEOT in the Chair. 

The Presents received were laid on the tableland thanks ordered for 
them. 

The following Papers were read:— 

I. On the Minute Structure of tire Lung of the Newt with 
especial reference to its Nervous Apparatus.” By William 
Stieling, M.D,, Sc.D., Begins Professor of the- Institutes of 
Medicine (Physiology) in the^ University of Aberdeen. 
Communicated by Professor Husley> Sec. R.S. Received 
March 19, 1881. 

(Abstract.) 

The lungs of the newt and triton are essentially simple sacs without 
any septa projecting into their interior, so that they are remarkably 
weU suited for microscopic examination. They are covered externally 
by a layer of endothelium, but there are no stomata to be found 
between the endothelial cells. Under this is a small quantity of 
areolar tissue containing a plexus of yellow elastic fibres, with the 
long axis of the meshes arranged in the long axis of the lung-sac. 
Under this is a layer of non-striped muscular fibres, which forms a 
complete investment for the lung. These muscular fibres are disposed 
circularly. They present the same structure as similar cells in the 
mesentery of the newt. Each cell contains an intra^nuclear and intra¬ 
cellular plexus of fibrils. 

The arrangement and distribution of the blood-vessels is then, 
described. The pulmonary artery runs along one side of the lung and 
the pulmonary vein runs on the opposite side.. The trunk of the 
pulmonary vein lies quite superficially, t.e.,next the peritoneal surface. 
It is covered only by the serous investment of the lung, so that it lies 
superficial to, ^.e., outside, the muscular layer. The pulmonary artery 
lies deeper, below the muscular coat. The <^piliaries are then 
desc^bed. No capillaries exist internal to the line of distribution of 
the pulmonary vein, but capillaries are found over, ie., internal to, 
the line of distribution of the pulmonary artery. The epithelium is 
then described. Ciliated epithelium is found along the course of the 
pulmonary vein and at the origin of its chief branches, but the other 
parts of the lung are covered by a single layer of squamous epithe- 
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litim. The ciliated epithelmm is directly continuous with that' lining 
the short trachea. 

The nerves of the lung are very numerous and are branches of the 
Yagns. They enter the lung in three or four main strands at its base^. 
These strands are of unequal thickness, i,e., a varying number of 
nerve-fibres enters into their composition. At once they proceed 
towards the pulmonary vein^ which they follow very closely in their 
distribntion. They form a plexus along the course of the vein, which 
is readily revealed with the aid of gold chloride. Only a few non- 
meduUated nerve-fibres pass on to the pulmonary artery. The nerve- 
strands lie outside the muscular coat, and as they pass onwards in the 
pulmonary walls they give off branches right and left. A large 
number of multipolar nerve-cells exists in the course of the nerve- 
strands, and they are especially numerous where a branch is given oflP. 
More than twenty medullated nerve-fibres and a considerably larger 
number of non-medullated fibres enter the lung. The nerve-strands 
in their course along the pulmonary vein lie in spaces lined by 
squamous epithelium. 

The branches of the nerve-strands lie outside the muscular coat. 
The axial cylinders split up into fibrils^ many of which divide dicho- 
tomously, and afterwards unite to form a wide meshed primary nerve 
plexus external to the muscular coat. From this branches are given 
off which form a much finer secondary plexus^ which gives off very 
firbe branches which run towards the muscular fibres in which they 
seem to terminate. It cannot, however, be maintained that all the 
nerve-fibres * which enter the lung terminate in the muscular coat. 
The majority of the non-medullated nerve-fibres distributed along the 
course of the pulmonary artery seem destined for the muscular tissue 
in its walls. The author has found a. plexus of nerve-fibres in the 
adventitia and another in the muscular coat of the pulmonary artery. 
Some-of the nerve-fibres must, undoubtedly, have other relations than 
those indicated above. 

The * author points out that, as the lungs are developed from the 
alimentary canal, it is to be expected that structures, the exact 
homologues and representatives of those occurring in the wall of the 
alimentary canal, may be expected to occur in the lung. He suggests 
therefore, that the non-striped muscle in the wall of the lung of 
the newt, and the tracheal and bronchial muscles in the mammalian 
lung, are the representatives of one or more of the muscular tissues 
»of the alimentary canal; and, as each of these muscular tissues has a 
nerve plexus in relation with it, a similar condition may be expected 
to occur in the lung. The plexus in the wall of the lung is com¬ 
parable to Auerbach’s or Meissner’s plexus, or perhaps to both. 
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II. On an Electrodynamic Balance.” By H. Helmoltz, For. 
Mem. E.S., Professor of Physics in the University of Berlin. 
Eeceived April 7, 1881. 

In order to avoid the disturbances produced by the variations of 
direction and intensity of terrestrial magnetism in measuring the in¬ 
tensity of galvanic currents by their electromagnetic effects, I have 
tried Jo construct an electrodynamic balance. I have suspended at 
the ends of the lever of a smaller chemical balance, instead of the 
scales, two cods of copper wire, their height being equal to the 
diameter of the cylinder around which the wire is coiled up. Their 
axis is vertical, and they are suspended in such a manner that they 
cannot turn around this axis. Two larger spirals of the same height, 
but of greater radius, are placed into a fixed position, borne by a 
horizontal metallic rod, the middle of which is fixed on the column 
bearing the balance. The connexions of the wires are arranged in 
such a way that one of the movable cods is attracted by the fixed 
coil, the other is repelled. Both the fixed coils are placed a little 
higher than the movable coils. The attracted cod rises, the other 
sinks down as soon as a current passes through the cirquit. 

There are two difficulties to be overcome in the construction of such 
a balance. At first, the current must be introduced into the movable 
spirals without diminishing their mobdity, and without introducing 
places of contact of too small a pressure, which would make the 
resistance variable. I have succeeded to do this in a very satisfactory 
manner by using a kind of very thin sheet-brass, used for playthings of 
children, called in German “ Rauschgold ” (tinsel), because it looks like 
gold, and makes a crackling noise when it is moved. Strips of this, 
about 30 centims. long and 6 or 7 millims. broad, are very flexible, 
and show no signs of internal friction, their resistance to electric 
currents is very moderate, and they are not easily heated even by 
strong currents, because they have a relatively large surface in con¬ 
tact with air. I have connected each of the movable spirals with 
the! other wires conducting the current by two such strips hanging 
loosely down from four pieces of brass fixed at the upper parts of the 
case of the balance. I may be allowed to remark, that strips of the 
same kind, and of greater length, are very useful to demonstrate the 
action of a magnet on a movable current. If you suspend the strip 
so that it hangs down in a curve, it is attracted, repelled, even 
raised against gravity, or coiled up around the magnet with great 
rapidity, in a Very striking way. 

The second difficulty is to bring the coDs into such a position that 
neither the stability nor the sensibility of the balance is impaired. 
In order to do this, it is necessary that the intensity of the electro¬ 
dynamic force does not vary sensibly during the usual small oscillations 
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of the balance. Now the force is zero if the middle of the movable 
coil is at the same height as that of the fixed coil. The force is again 
zero if the distance of the two coils becomes infinite. Between those 
two zero points there exists a maximnm value of the force, which 
corresponds nearly to that situation where the upper surface of one of 
the coils is at the same height as the under surface of the other. 
Between the central position of the two coils and this position of 
maximum force, therefore, the differential coefficient of the force 
related to increasing distance of the centres is positive, and turns into 
negative when we pass the position of the maximum. This differential 
coefficient becomes again zero at an infinite distance. Therefore, 
between the position of maximum force and infinite distance there must 
be a distance where the differential coefficient of the force has itself a 
negative maximum, and the second differential coefficient, therefore, is 
zero. This is the position which must be given to the coils. As always 
the distance of one pair of the coils is diminished as much as that of 
the other pair is increased, the variation of the force depends only on 
the second differential coefficient. If this is positive, the electric 
jBurrent produces unstable equilibrium; if it is negative, the stability of 
the equilibrium is increased; that is to say, the balance becomes less 
sensitive than it is without current. If the coils are brought into the 
right distance, neither the sensibility nor the stability of the balance is 
altered, and by this circumstance itself the right position can be found 
out. 

If the instrument is well adjusted, you can determine the weight 
which balances the eleetrodynamic force with errors not exceeding 
one milligramme. As the force exerted by the current is proportional 
to the square of its intensity, you determine the intensity of a current, 
which is counterbalanced by one gramme with an accuracy of 
and the force which opposes the electrodynamic force and measures it 
is gravity alone, and therefore not subject to any variations, like those 
of terrestrial magnetism, or like the elasticity of a twisted wire on 
which one of the coils is suspended. 

The observations of the electrochemical equivalent of the current 
corresponding to one gramme of weight, performed by different 
observers during the conrse of last year, have given a very satisfactory 
agreement. 

III. " On the Internal Forces of Magnetized and Dielectrically 
Polarized Bodies.” By Professor H, Helmholtz, For. Mem. 
E.S. (Oral Statement at the request of the President.; 

The Society then adjourned over the Easter Eecess to Thursday, 
April 28th. 
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April 28, 1881. 

THE PEESIDENT in tlie Chair. 

The Presents received were laid on the table and thanks ordered for 
them. 

The following Papers were read;— 

I. The Influence of Stress and Strain on the Action of 
Physical Forces.” By Herbert TomIxINSON, B.A. Com¬ 
municated by Professor W. Grylls Adams, M.A., F.E.S. 
Eeceived April 5, 1881, 

(Abstract.) 

Part I.— ^Elasticity. 

‘‘ Young's Modulus'' 

The values of “Young’s modulus” were determined for several 
metals by a method devised by Sir W. Thomson. According to this 
method wires of fche same material and diameter are suspended in 
pairs about an inch apart from each other, and are attached by one 
extremity of each to the same support; the other extremities being 
fastened in the one case to a scale-pan, and in the other to the centre 
of a bar of wood or metal carrying constant equal weights at each 
end ; the latter wire is provided with a scale and the former with an 
index of some sort, which being level with and close to the scale, serves 
to measure any alteration of length produced by weights placed in the 

In these particular experiments the wires were about thirty feet in 
length; a scale divided into half-millimetres and a vernier reading to 
■^^^th of a millimetre attached respectively to the two wires, served to 
measure the temporary alterations of length produced by loading or 
unloading. The vernier was forked so that, though capable of free 
up and down motion, it could not readily be dislodged sideways, and 
by using a compound microscope an alteration = of a millimetre 

in the length of the wire could be estimated. 

A large number of experiments with different loads were made, 
and after a great many unsuccessful attempts to account for certain 
discrepancies which could not be explained away as errors of observa¬ 
tion, the following facts were elicited:— 

(1.) After a wire has suffered permanent extension, the temporary 
elongation which can be produced by any load becomes less as the 
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interval between tbe period of permanent extension and tbat of 
applying tbe load becomes greater. 

(2.) This increase of elasticity is greater in proportion for large 
loads tban for small ones- 

(3,) The increase of elasticity takes place whether tbe wire be 
allowed to remain loaded or unloaded between tbe period of permanent 
extension and that of tbe testing for tbe elasticity. 

(4.) The rate of increase of elasticity Taries considerably with different 
metals; with some tbe maximum elasticity is apparently attained in a 
few minutes, and with others not till some days have elapsed, iron and* 
steel being in this last respect very remarkable. 

(5.) Tbe elasticity can also be increased by heavily loading and un¬ 
loading several times, tbe rate of increase diminishing with each 
loading and unloading. 

(6.) A departure from “ Hooke’s law ” more or less decided, always 
attends recent permanent extension even when tbe weights employed 
to test the elasticity do not exceed one-tenth of tbe breaking weight. 

(7.) This departure is diminished very noticeably in the case of iron, 
and much less so in the case of other metals, by allowing the wire to 
rest for some time either loaded or unloaded; it is also diminished by 
repeated loading and unloading. 

With aluminium and zinc both tbe maximum temporary increase of 
length caused by putting on weight, and tbe recovery on tbe removal 
of tbe load are attained only after several hours, if tbe weights 
employed be not very small. 

With tin and lead tbe loads employed were so small, in order to 
avoid permanent set, tbat tbe values of ‘‘Young’s modulus ” obtained 
for these metals cannot be rebed on within 2 per cent. 

A small though decided departure from “ Hooke’s law ’’ was found 
in all cases, and the experiments abundantly proved tbat this law can 
only bold good practically for much smaller loads tban are usually 
employed in determining the value of “ Young’s modulus ” from the 
method of static extension. 

A discussion of Wertbeim’s* experiments on elasticity will be found 
in tbe paper, and it is there pointed out that a principal cause of the 
differences of tbe values of “Young’s modulus,” obtained by him from 
tbe method of static extension, and from longitudinal or transverse 
vibrations, is to be found in bis manner of experimenting according 
to tbe first of these methods. 

Tbe effect of permanent extension on the value of “Young’s 
modulus,” was tried according to tbe direct method for iron and 
copper, and indirectly for most of tbe metals. 

IVom both tbe direct and indirect methods results were obtained 
which showed;— 

* “ Ann. de Chem. et Phys.,” tom. xii, 1844. 
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(1.) That, in all metals, provided the wire has not been kept heavily 
loaded for some time before testing, permanent extension produces 
decrease of elasticity, if the strain be not carried beyond a certain 
limit. 

(2.) That, if the extension be carried beyond the above-mentioned 
limit, farther permanent increase of length causes increase of 
elasticity. 

(3.) That, in the case of iron, heavy loading for some time so in¬ 
creases the elasticity that, even when the extension would have 
caused diminution of elasticity without such continued loading, the 
latter will, if sufficient time be allowed, change this diminution into an 
increase; in the case of copper this is not so. 

It was also observed that, with iron which has been very heavily 
loaded for some time, the ratio of the temporary elongation to the 
load producing it becomes less as the load employed becomes greater, 
until a certain Emit, depending upon the extent of the previous heavy 
loading, has been reached; whereas, with the other metals, and with 
iron which has suffered permanent extension without allowing the 
load producing the extension to remain for any appreciable time on 
the wire, the elongation increases in a greater propoi*tion than the 
load. 

The behaviour of iron in this respect, as well as the fact that this 
metal does not, until many hours have elapsed, attain its maximum 
elasticity, after having undergone permanent elongation, is probably 
to be attributed to the great coercive force of the metal. 

To a similar cause may also be assigned the well-known increase of 
portative power of a magnet which can be produced by gradual load¬ 
ing ; and ‘ the great difference between the tenacity of iron when 
loaded by slow degrees, and when loaded quickly.* 

One of the above-mentioned indirect methods of determining the 
effect of permanent extension on the elasticity consisted in combining 
torsion with traction. The wire to be examined, some 95 centims. in 
length, passed through a small hole in a stout table, and was clamped 
at its upper extremity into a brass block, the latter resting on the 
table, and being sufficiently secured by a heavy weight placed on the 
top of it, !N'ear the lower extremity, which was looped to receive 
a scale-pan, was clamped a second small brass block, to one end of 
which was attached a Eght mirror; the latter used in connexion with 
a scale and lamp enabled the observer to detect very small changes of 
torsion. The wire having previously received a certain amount of 
permanent torsion was loaded and unloaded several times with 
different weights, and the amount of temporary twist or untwist pro¬ 
duced thereby determined. 


* See J. T. Bottomley’s experiments, “ Proc. Boy. Sac.,’* toL 29, p, 221. 
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The effect of suddenly chilling steel heated to a high temperatoe 
-was found to be similar to that of excessive permanent extension 
of iron; and in general, it was conclnded to he highly probable that 
whether the distance between the molecules be increased by mechanic^ 
strain or by the strain caused by sudden cooling, the elashcity m the 
direction of the line of separation of the molecules dimmishes to a 
as the separation increases, and then be^s to increase. 
Moreover, it would appear from the results which will be described 
in the other parts of this paper, that most, if not aU, the physical 
properties of a substance are affected in a similar manner by stress and 
strain; whether these latter be the result of mechanical or of any 
physical agency. 

Torsional Rigidity. 

The torsional rigidity of the wires was determined by the method of 
vibrations. The vibrators were similar to those ^ employed by Sir 
W. Thomson in his experiments on the rigidity and viscosity of metals,* 
namely, thin cylinders of sheet brass, supported by a thin, flat, rect¬ 
angular bar. The wire to be tested passed perpendicularly through a 
hole in the middle of the bar, and was there soldered; the other end 
of the wire was then soldered into a stout iron bar, firmly held in a vice 
attached to a rigid support. 

Great difl^culty was experienced in making good observations of the 
rigidity of zinc, tin, and lead, in consequence of their great viscosity. 

Several experiments were made to test the efiect of permanent tor¬ 
sion and permanent extension on the modulus of rigidity. 

From these experiments was concluded:— 

(1.) That the loss of rigidity produced by twisting or stretching a 
wire beyond the limits of elasticity is partly diminished by rest. 

(2.) That the loss is more sensible-with large arcs of vibration than 
with small ones. 

(3.) That the influence of rest is more apparent in the case of large 
vibrations than in that of small ones. 

(4.) That continual vibrating through large arcs has a similar effect 
on the rigidity to that produced on the longitudinal elasticity by heavily 
loading and unloading. And 

(5.) That in the case of hard steel the effect of vibrating through a 
large arc for several minutes makes temporarily the rigidity as deter¬ 
mined from such vibrations greater than that determined from smaller 

vibrations. ^ ^ v v 

From the values of the torsional rigidity and Young’s modulus 
were calculated the ratios of lateral contraction to elongation for the 

different metals, the formula used for this purpose being 1, in 


♦ “ Proc. Roy. Soe.,” toL 14, p. 289. 
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wliicli Tonne’s modulus,” r=rigiditj, botli in grams per square 
centimetre, and <T=tlie required ratio. 

In tbe following table are given tbe values of e, r, and a for most of 
the annealed metals:— 


ITame of metal. 

“ Yonng’s 
modulus.*’ 

e. 

Torsional 

rigidity. 

r. 

Eatio of lateral 
contraction to 
elongation. 

<r. 

Iron. *.... 

1981 xlO« 

773-1x10® 

•281 

Platinum. 

1490 

692-7 

*076 

G-erman silver. 

1335 

49S*7 

•354 

Copper.. 

1160 

440-6 

•315 

Platinum-silver. 

1051 

S69 -9 

•420 

Zinc.... - 

767 

338*4 

*133 

Silver.. 

742 

271-8 

•S67 

Aluminium... 

673 

265-2 

•269 

Tin .. 

277 

120*9 

T45 

Lead.. 

167 

74-0 

•136 


Tbe mean value of <r for tbe different substances employed in tbe 
annealed condition =*2515, a number closely according witb that 
assigned by Poisson from mathematical considerations, as tbe value of 
<x for each. 

Tbe metals copper, platinum, aluminium, silver, and platinum- 
silver were obtained from Messrs. Johnson, Mattbey, and Oo., as 
chemically pure, and tbe zinc, lead, and tin wires as being as pure as 
could be got from tbe ordinary process of distillation. 

Experiments on tbe permanent alteration of density which can be 
produced by longitudinal traction proved, as tbe investigations of 
Wertheim and Thomson have already shown, that such alteration is 
very slight. In these particular experiments no change amounting to 
I per cent, was detected, though tbe wires were strained to breaking. 

Certain calculations were made to verify Wertbeim’s formula 
eXa!i=B, constant, where e=“ Young’s modulus,” and a!=the mean 
distance between one molecule and another, and it was found that 
this formula was approximately true. Moreover, the products of r 
and cti were calculated and found to be approximately constant for 
the different metals. 

The influence of an electric current and of magnetism on tbe tor¬ 
sional rigidity of metals' was also investigated, and the following 
results arrived at:— 

(1.) The torsional rigidity of copper and iron is temporarily decreased 
by the passage of a powerful electric current, but is very little, if at ail 
appreciably, altered by currents of moderate intensity. 

(2.) The torsional rigidity of iron is temporarily diminished to a 
small but perceptible extent by a high magnetising force. 
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(S.) Tke effects mentioned in (1) and (2) are independent of any 
ckanges produced by the current in tbe temperature of tbe wire. 

Finally, certain critical points are alluded to, there being at lea’^ 
two such for each metal, at wbicb sudden changes take place in the 
ratio of the permanent extension produced by any load and the load 
itself. 

The existence of the first of these critical points seems to prove 
beyond a doubt that, in all weU-annealed metals, there is a true limit 
of elasticity, which is intimately connected with the elasticity of the 
substance, and it will appear from the investigations made in the other 
parts of this paper, that changes more or less profound take place in 
most, if not all, of the physical properties of the substance at these 
points. 


II. “ Lucifer: a Study in Morphology.’’ By W. K. Brooks, 
Associate in Biology and Director of the Chesapeake Zoo¬ 
logical Laboratory of the Johns Hopkins University, Balti¬ 
more, Md., U.S.A. Communicated by Professor Huxley, 
Sec. E.S. Received April 6, 1881. 

(Abstract.) 

Our knowledge of the life-history of this extremely interesting 
genus is very-scanty, and the only published observations are con¬ 
tained in a short paper, without illustrations, in “ Proc. Roy. Soc.,” 
Yol. 24, p. 132, by Willemdes-Suhm. 

The death of this naturalist, only a few months after his paper was 
written, put an end to his studies, which he had expressed a hope of 
finishing, and I therefore take pleasure in stating that I have been so 
fortunate as to procure the eggs of Imcifer, and to trace every stage of 
the metamorphosis, from the time the larva leaves the egg up to the 
mature male, by the actual moulting of isolated specimens in captivity; 
and I have also been able to add a few observations upon its em¬ 
bryology. 

The early stages of development are extremely interesting, since the 
segmentation is quite different from that of any arthropod egg which 
has been described. The egg undergoes total regular segmentation; 
there is a true central segmentation cavity, and during the early 
stages there is nothing to represent the yolk-pyramids of the ordinary 
crustacean egg. When segmentation is somewhat advanced, the 
granular matter becomes restricted to one of the spherules; this then 
push^ into the segmentation cavity, and appears to correspond to 
a single yolk-pjramid. Its outer end splits off as a blastoderm cell. 
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and its inner granular end, whjcli is now situated in tlie segmentation 
cavity, soon divides np into a number of food-yolk spbernles. 

Tbe primitive digestive cavity is next formed by an invagination, 
at tbe point where the yolk-pyramid has been pushed in. 

The larva leaves the egg as a Nauplius, which, after two moults, is 
changed into a Frotozocea, with nauplius-Hke antennules and antennse; 
mandibles like those of the adult; two pairs of maxillse; two pairs of 
maxiilipeds, and a long hind-body divided at its anterior end into four 
zoonites. 

After a number of moults it becomes changed into Dana’s FJrieli- 
thina demissa, which Willemoes-Suhm has shown to be a Lucifer 
larva. 

The BricMhina gradually changes by three moults into Dana’s 
Serhatina armata^ which seems to be the same as Willemoes-Suhm’s 
AmpMmi stage. 

After a number of moults it becomes a Mastigopus, and then both 
sexes gradually assume the adult female form, the characteristics of 
the adult male appearing last. 

The first four sections of the paper describe the structure, embryo¬ 
logy, and metamorphosis of Lucifer. Among the more important 
points are the total absence at all stages of the fifth thoracic zoonite 
and its appendages; the origin of the metastoma as a pair of buds 
homologous with the other appendages, and the absence of larval 
stages with the distinctive features of the Llaphocaris and Acanthozooea 
larvse of Sergestes. ^ 

The fifth section gives an account of the metamorphosis of another 
Sergestid, which there is reason to believe to be Acetes^ although it 
was not reared to the adult form. At the Blaphocaris and Acmihozooea 
stages this form is intermediate between the highly modified larva of 
Sergestes and the simple larva of Lucifer. 

The sixth section discusses the relation between the larv^ of Lucifer, 
Acetes, Sergestes, Fmceus, and Buphamia, and the significance of the 
deapod Zocea and crustacean Naiiplius. 

As one result of the comparison, I attempt to show that, while the 
life-history of Lucifer, Acetes, Sergestes, and Fenacus, tends to confirm 
Claus’ view that the Zocea is a secondary modification of the more 
primitive Frotozocea, a comparison of these forms with Buphausia 
shows that this view is not without difficulties, since these genera 
difier from each other in the very point in question; the manner 
in which the zoonites and appendages of the thorax make their 
appearance. 

The seventh section discusses the phenomena of serial homology 
and bilateral symmetry in the Crustacea, and is an attempt to show 
that these resemblances cannot be explained by heredity from the 
parts of an unspecialised form, since the facts of embryology do not 
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support tlie view that the remote ancestor of the Crustacea was a long 
series of independent zoonites or metameres. Even if this view were 
supported hj facts, the embryology of I/mif&r compels ns to recognise 
a recent and persistent bond of homology between its appendages. 

The next section is an attempt to show that, while we are unable W 
believe that serially homologous organs, in all cases, owe their resem¬ 
blance to heredity from the unspecialised organs of a remote ancestor, 
they may still be due to heredity; but to heredity from the same part 
of the developing egg, rather than from a remote ancestor. 

The last section is an attempt to show that, by making a slight 
change in Darwin'’s “ Pangenesis Hypothesis,” it can be so sinjplified, 
that the germinules which it demands may be few in numbers, simple 
in their properties, and not infinitely small. In its modified form the 
hypothesis accounts for the phenomena of serial homology and sym¬ 
metry, and it removes some of the most serious difficulties of the 
theory of natural selection, especially by showing why variations 
appear when they are needed. 


Presents, March 24,188L 

Transactions. 

Amsterdam:—^K. Ak ademie van Wetenschappen. Yerhandelingen. 
Afd. JSTatuurkunde. Dl. XX. Afd. Letterkunde. Dl. XIIL 
4to. Amsterdam 1880. Verslagen en Mededeelingen. Afd. 
Xatuurkunde. 2e Eks. Dl. XY. Afd. Letterkunde. 2e Eks. 
DL IX. 8vo. Amsterdam 1880. Jaarboek 18?9. Prbcessen- 
Yerbaal 1879-80. Prijvers: Satira et Consolatio. Xaam-en 
Zaakregister opdeYerslagen en Mededeelingen: Afd. Xatuur- 
kunde. Deel 1—^XYTI. 8vo. Amsterdam, The Academy. 

Cincinnati:—Society of Natural History. Journal. YoL I. No. 4. 
YoL n. Nos. 1-4. Yol. III. Nos. 2,3. 8vo. Gincinnati 1879-80. 

The Society. 

Danzig: — Gresellschaft Deutscher Naturforscher und Aertzte. 

Tageblatt der 53 Versammlung. 4to. Danzig, The Society. 
Dublin:—^Royal Greological Society of Ireland. Journal. N.S. 

Yol. Y. Part 3. 8vo, Dublin 1880. The Society. 

Edinburgh:—Scottish Meteorological Society. Journal. N.S. 

Nos, 60—63. 8vo. Edinhurgh 1880. The Society. 
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1879. 8vo. Falmouth. The Society. 

Freiburg in Baden:—^Naturforschende Gesellschaft. Berichte fiber 
die Yerhandlungen. Band YII. Heft 4. 8vo. Freiburg i B. 1880. 

The Society. 
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Tlie University. 
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The Society. 
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Venice:— Ti, Istitnto Yeneto. Atti. Appendice al Tomo Y. Serie 5- 
4to. Venezia 1880. Tomo YI. Disp. 10. 8vo. Venezia 1879- 
80. The Institation. 

Vienna :-^Anthropologische Gesellschaft. Mittheiliingen. Band X. 
Xr, 1-4. 8vo. Wie^i 1880. The Society. 

K. K. Geologische Reichsanstalt. Jahrbnch. Band XXX, Xo. 2 
nnd 3. 8vo. Wien 1880, Yerhandlnngen Xos. 6-11. 8vo. 

The InstitTition. 

Washington:—^Philosophical Society. Bulletin. Yols. 2 and 3. 
8vo. Washington 1875-80. The Society. 

Wurzburg :— Physikalisch-Medicinische. Gesellschaft. Yerhand- 
lungen. Xeue Polge. Band XIY. Hefte 3 nnd 4: XV. 
Heffce 1 nnd 2. 8vo- Wurzlurg 1880-81. The Society. 

Zoologisch-Zootomisches Institut. Arbeiten. Band Y. Heft 3. 
8vo. WuTzhurg 1881. The Institute. 


Observations and Beports. 

Coimbra:—Observatorio da IJniversidade. Ephemerides Astro* 
nomicas 1882. Svo. Goimhra 1880. The Observatory. 

Lisbon:—Observatorio do Infante d. Lniz. Annaes. Yol. XVI. 4to. 
Lishoa 1879. Postos Meteorologicos. Annexos ao Yol. XV. 
4to. Lisboa 1880. The Observatory. 

Paris:—Observatoire de Montsonris. Annuaire, 1881. 16mo. Fans, 

The Observatory. 

Sydney:—^Ministry of Public Instruction. Beport upon certain 
Museums for Technology, Science, and Art .... in Great 
Britain and on the Continent of Europe. By Archibald Liver- 
sidge, 4to. Sydney 1880. The Renorter. 

Department of Mines. Annual Beports, 1878-79. 4to. Sydney 
1879-80, Maps to accompany Report for 1879. 4to. 

The Department. 


Bonney (T. G.), F.B.S. On some Serpentines from the Bhsetian 
Alps. 8vo. Hertford [1880]. On the Serpentine and Associated 
Bocks of Anglesey, 8vo. [London 1881]. The Author, 

Tidy (C. M.) River Water (Xo. 2). A reply to Dr. Frankland., 
Svo. London 1881. The Author. 

E 2 
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Transactions. 

Adelaide:—Royal Society of South. Australia. Transactions and 
Proceedings. Vol. III. 8vo. Adelaide 1880. The Society. 
South. Australian Institute. Annual Report, 1879-80. 4to. Adelaide 
(2 copies). The Institute. 

Batavia:—^K. Hatuurliundige Vereeniging in Hederlandsch-Indie. 
Hatuurkundig Tijdschrift. Deel XXXIX. 8vo. Batavia 1880. 

The Association. 

Buenos Ayres:—^Museo Publico. Description Physique de la Re- 
publique Argentine. Tome III. 8vo. Buenos-Ayres 1879. Atlas. 
2e livraison. 4to. Buenos Aires 1880. Bericht uber cle Feier 
des 50 jahrigen Doctor-Jubilaeums des Prof. Dr. Hermann Bur- 
meister. 8vo. Buenos Aires 1880. The Museum. 

Calcutta:—^Asiatic Society of Bengal. Proceedings, 1880. Xos. 
9, 10: 1881, Ho. 1. Journal. Yol. XLIX. Part 1, Xo. 4; 
Part 2, Xos, 8, 4. 8vo. GalciMa 1880-81. The Society- 

Cordoba:—^Academia Xacional de Ciencias. Boletin. Tomo III. 

Entrega 2 y 3. 8vo. Oordola 1879. The Academy. 

Emden:—^Xaturforschende Gesellscbaft. Jahresberioht LXY. 8vo, 
Bmd&ru 1880. The Society. 

Geneva:—Societe de Physique et d’BEstoire Xaturelle. Memoires. 

Tome XXV TI. Partie I. 4to. Geneve 1880. The Society. 
Gottingen: — K. Societat der Wissenschaften. Abhandlungen. 
Band XXVI. 4to. Gottingen 1880. Xachrichten. 1880. 12mo. 
Gottingen 1880. The Society. 

Haarlem:—Societe HoUandaise des Sciences. Archives Xeer- 
landaises. Tome XY. Livr. 3-5, 8vo. Sarlem 1880. 

The Society. 

London:—Geological Society. Catalogue of the Library. 8vo. 
London 1881. • The Society. 

Linnean Society. Transactions. 2nd Ser. Zoology. Yol. II. 

Part 2. 4to. London 1881. The Society. 

Xational Association for the Promotion of Social Science. Trans¬ 
actions. 1880 (Edinburgh). 8vo. London 1881. List of Mem¬ 
bers, &c. 1880-81. 8vo. The Association. 


Observations and Reports. 

Calcutta:—^Home, Revenue, and Agricultural Department. Sug¬ 
gestions regarding the management of the Forests in the Jal- 
paiguri and Daajeeling Districts, Bengal. 4to. Calcutta 1881. 
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Observations, &c. (continued). 

Suggestions regarding Forest Administration in British. Burma. 
4to. Calcutta 1881. The Inspector-General of Forests. 

Geological Survey of.India. Becords. Yol. XIY. Parti. 8vo. 
1881. The Survey. 

Geneva;—Commission Geodesique Federate. Hivellement de Pre¬ 
cision de la Suisse. Livr. 7. 4to. Geneve, Bale, Lyon 1880.. 

The Commission. 

London:—^Local Government Board. Report of the Medical Officer 
for 1879. 8vo. London 1880. The Board. 

Sydney:—Council of Education. Reports upon the condition of 
the Public Schools, and of the Certified Denominational Schools 
for 1879. 8yo. Sydney 1880. 

The Royal Society of New South Wales. 
Washington:—^United States Coast Survey. Report of the Super¬ 
intendent for 1877. 4to. Washington 1880. The Survey. 

United States Naval Observatory. Reports on the Total Solar 
Eclipses of July, 1878, and January, 1880. 4to. Washington 
1880. The Observatory, 

Zurich:—Meteorologische Centralanstalt. Schweizerische Meleoro- 
logische Beobachtungen. Jahrg.XIY. Lief. 7, Titelu. Beilagen. 
Jahrg. XY. Lief. 5. Jahrg. XVI. Lief. 4. 4to. Zurich. 

Schweiz. Naturforschende GeseUschaft. 


Bartolini (G. B.) Prospetto indicante le tensioni del vapore acqueo 
da—SOct-1-1200 (Termometro Centigrade). With an explanatory 
letter. (Lithographed.) The Author. 

Edelmann (Th.) Yersuche vermittels des Platten-Eleldirometers fiber 
die Yolta’schen Fundamentalversuche. I. 8vo. Mmichen. 

The Author. 

Fisichella (Sac. Alfio) S. Tommaso d’Aquino. Leone XIII e la 
Scienza. 8vo. Catania 1880. The Author. 

GOi (David) The Determination of the Earth’s Distance from the 
Sun. [From the “ Cape Times.”] The Author. 

Guy (William A.), F.R.S. The Factors of the Unsound Mind. 8vo. 
Lmdon 1881. ' The Author. 

Lewis (Henry Carvill) Note on the Zodiacal Light. 8vo. [1880]. 

The Author. 

Pickering (Edward C.) Variable Stars of Short Period. 8vo. Cam^^ 
bridge 1881. The Author. 

Plantamour (E.) Resum6 Met6orologique de YAim6e 1879, pour 
Geneve et le Grand Saint-Bemard. 8vo. Qerme 1880. 

The Author. 
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Struve (Otto) Sur le temps uuiversel et sur le clioix a cet efet d’xiB 
premier meridien. Rapport fait a I’Academie Imperiale. 

The Author. 

Wardle (Thomas) The Wild Silks of India, principally Tusser. fol.^ 
Londmi 1880. The Author. 

Weinberg (Max) Ueber Methoden der Messung der Wellenlangen 
.des Lichtes mittelst Interferenzstreifen. 8vo. Wien 1879. 

The Author. 

Zinno (SiLvestro) CoUezione di alcune Memorie, ISfote ed Opuscoli. 
8vo. Napoli 1880. iN'uova Produzione del Glucosio. 8vo. 

The Author. 


Fresmts, April 28, 1881. 

Transactions. 

Brussels:—Academie Royale des Sciences. Memoires des Membres. 
Tome XLm. Ire Partie. 4to. Bruxelles 1880. Memoires 
couroimes, &c. Tome XXXIX. 2e Partie. Tomes XLII, 
XLIII. 4to. Bruxelles 1879-80. Memoires couronnes, &c. 
Tomes XXIX, XXX, XXXII. 8vo. Bruxelles 1880-81. Tables 
desM4moires. 1816-57; 1858-78. 12mo. RrweZZes 1858, 1879. 
Biographie Rationale. Tome YI, 2e Partie; Tome YII, 
Ire Partie. 8vo. Bruxelles 1878, 1880. The Academy. 

Soci4te Malacologique. Annales. Tome XII. 8vo. Bruxelles 
1877. Proces-Verbaux. Tomes YIII-X. 8vo. Bruxelles. 

The Society. 

Gloucester:—Cotteswold Xaturalists’ Pield Club. Proceedings. 

YoL YII. 8vo. Oloueester 1880. The Club, 

liege:—Societe Geologique. Annales. Tome YI. 8vo. Liege 1879. 

The Society. 

London:—^Royal Medical and Chirurgical Society. Proceedings. 
Yol. IX. No. 1. 8vo. London 1881r The Society. 

Society of Antiquaries. Proceedings. 2nd Series. Yol. YIII. 
Xo. 4. 8vo. London. The Society. 

Madrid:—Comision del Mapa Geoldgico de Espana. Boletin. 
Tomo YII. Cuademo 2o. 8vo. Madrid 1880. 

The Commission. 

Mexico:—^Museo Xacional. Auales. Tomo II. Entrega 2a y 3a. 

4to. Mesdco 1880. The Museum. 

Munich:—K. B. Akademie der Wissenschaffcen. Sitzungsberichte. 
Math.-Phys- Classe. 1880, Hefte 4, 5: 1881, Heft 1. 8yo. 
Munchen 1880-81. The Academy. 

Paris:—Oomite International des Poids et Mesures. Proces- 
Yerlsfeux, 1880. 8vo. Baris 1881. The Committee. 
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Transactions (continued^, 

Dep6t de ia Marine. Annales HydrograpliiqTies. 1880. 2e 
Semestre. 8yo. Pam 1880. The Dep6t. 

ficole des Mines. Annales. 7e Serie. Tome XVIII. 8vo. Pam 
1880. The School, 

ficole Normals Snperienre. .A nnales. 2e Serie. Tome IX, Sup¬ 
plement. Tome X. Nos. 1-4. 4to. Pam 1880-81. 

The SchooL 

ficole Polytechniqne. Jonmal. 48e Cahier. Tome XXIX. 4to. 

Paris 1880. The School- 

ficole Pratique des Hantes fitndes. Lahoratoire d’Histologie dn 
College de Prance. TraYaxtx 1879-80. 8vo. Paris 1880. 

^ The School. 

Pacnlte des Sciences. Theses. 4to. Paris 1880. The Faculty. 
Society de Geographic. Bulletin. D^cembre, 1880. 8yo. Paris 
1880. The Society. 

Societe Fran^aise de Physique. Seances. Juillet-Decembre, 1880. 
8yo. Paris 1880. Besumes, Juin, 1880—Mars, 1881. 8vo. 

The Society. 

Societe Philomathique. Bulletin. 7e Serie. Tome lY. No. 4. 
Tome Y. No. 1. 8vo. Paris 1880-81, The Socieiy. 


-Observations and Reports. 

Debra Dun:—Great Trigonometrical Survey of India. Synopsis 
of the Besuits. Yols. YII-IX. 4to. BeliraPun 1878-79. 

The Survey. 

St. Petersburg:—K. Akademie der Wissenschaften, Die Tem- 
peratur-Yerhaltnisse des Russischen Reiches. Halfte 11, 4to. 
St Petersburg 1881. With Atlas. The Academy. 

Toronto:—^Magnetic Observatory. Tracings from Photographic 
Record of Magnetic Storm, January 30 to February 1,1881- 
Single sheet. The Observatory. 


Abel (F. A.), F.R.S. Report on the Results of Experiments made 
■with Samples of Dust collected at Seaham OoUiery. 4to. Loudon 
1881. The Author. 

Duncan (P. M.), P.R.S., and W. P. Sladen. A Memoir on the Bchino- 
dermata of the Arctic Sea to the West of Greenland. 4to, London 
1881. The Author. 

E'^ans (John), Tjms, R.S. The Ancient Bronze Implements, Wcapons 
and Ornaments of Great Britain and Ireland. 8vo. London 1881« 

The Author- 
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Liyersidge (A.) Waters from Hot Springs, ISTew Britain and Fiji. 
Tile Action of Sea-water np^n Cast-iron. Notes npon some 
Minerals from New Caledonia. On tlie Composition of some 
Coral Limestones, &c., from tlie Sontli Sea Islands. Tlie Alkaloid 
from Pitnrie. On some New Sontli Wales Minerals. On tke 
Composition of some W^ood inclosed in Basalt. 8 vo. Sydney 
1880-81. Tke Author.. 

Nicholson (H. A.) On the Stmctnre and Affinities of the Genus 
Monticulipora and its Suh-genera. 8yo. Edinlurgh and London 

. The Author. 

Siemens (C. W.), F.B.S. On the Dynamo-electric Current. 4to. 
Gas and Electricity as Heating Agents. Syo. London 1881. 

The Author. 


Impression in Wax of Seal-portrait of Sir Isaac Newton. 

R. Etheridge, Esq,, F.R.S. 


«Influence of Voltaic Currents on the Diffusion of Liquids.’’* 
By G. Gore, LL.D .5 F.R.S. Received December 1,1880- 
Read December 16. 

1. General Statement of the Flien^omena. 

In a recent preliminary statement (see “ Proc. Roy. Soc.,” yoI. 30, 
p. 322) I haye mentioned that “ when an electric- current was passed 
between the surfaces of mutual contact of certain aqueous solutions of 
different specific grayities, the boundary surfaces of contact of the two 
liquids became indefinite where the current passed from the lighter 
mto the heayier solution, and became sharply defined where the current 
left the heayier and re-entered the lighter liquid; and that on reyersing 
the direction of the current several times in succession after suitable 
intervals of time, these effects were reversed with each such change. 
Also, in various cases in which the contiguous boundary layers of the 
two liquids had become mixed, the liquids separated, and the line of 
separation of the two solutions became by the influence of the electric 
current as perfect as that between strata of oil and water lying upon 
each other.” 

These and other phenomena which accompany them form the subject 
of ^e present communication. 

The chief additional phenomena oT^erved have been—^Ist. The pro¬ 
duction of definite lines, not only where the current passed from the 

* This research ar<^e out of one on ** The Phenomena of the Capillary Electro- 
See “ Proe. Roy. Soc,,” toL 31, p. 295. 
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heavier into the lighter solution, but also (in certain cases) at the sur¬ 
face where it passed jBrom the lighter to the heavier one; 2nd. The 
production in some cases of two or three separate lines at the former 
situation, and less frequently also at the latter one; and, 3rd. An 
apparent movement of the mass of the heavier solution, usually in the 
direction of the electric current, but in certain exceptional cases in a 
reverse direction. In all cases there occurred in addition the more or 
less influencing circumstance, rise of temperature (by conduction, 
resistance, &c.), with its usual effects. 

The earliest allied experiment known to me is one by Faraday 
(Exp. Ees. 494), who passed an electric current from forty cells, four 
inches square, by means of platinum plate electrodes, through a strong 
solution of magnesic sulphate into a layer of distilled water, half an 
inch deep and about seven square inches in area, lying upon it. In 
less than one minute magnesia app^red at the boundary surface of the 
two liquids, forming a layer one-eighth of an inch deep in the water 
immediately wpon the magn^o solution. The water above was quite 
dear. There was no alkal i at the negative platinum plate, but plenty 
of acid at the positive one. This experiment was repeatedly verifled. 
Daniell subsequently in a research on the “ Electrolysis of Secondary 
Compounds ” (*‘ Phil. Trans.,” 1840, pp. 209-224), passed an upward 
current through solutions of the nitrates of silver, mercury, and lead, 
and the sulphates of palladium, copper, irop, and magnesium into 
a dilute one of caustic potash, separated from them by a thin hori¬ 
zontal diaphragm of bladder. Oxygen was determined to the upper, 
and the respective metals to the lower, surface of the diaphragm, and 
deposits of metal, more or less oxidised, were formed upon the latter 
surface, the oxidation being more complete the more oxidisable the 
metal; with the magnesium salt oxide alone was obtained. 

2. The Influence of Kind and Str&ugth of the Liquids. 

In order to obtain a general basis of facts, I made a number of 
experiments with the following apparatus:— 

A is a glass cylinder, 20 centims. high and 6 or 7 centims. diameter,- 
open at both ends; B is a vulcanised india-rubber bung, tightly fitting 
the cylinder; C is a glass cup (of nearly equal diameter to that of the 
inside of the cylinder), with a perfectly fiat and watertight lid of gutta¬ 
percha, secured by means of varnish; D and E are open tubes of glass, 
about 15 or 18 millims. high and 8 or 10 millims. internal diameter, 
flat at their ends, and fitting tightly in the lid of the cup; F is an 
open glass tube, about 17 centims. high and 26 millims, diameter, per¬ 
fectly flat at its lower end; G and H are large electrodes of sheet 
platinum. 

The apparatus whilst being used should be situated in a strong 
light. The cup is first iBHed with a heavy and strongly coloured elec- 
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trolyte to alxyut hailf the height of the tubes D and E, care being taken 
to exclude all bubbles of air, and the lid of the cup is coated with 
grease over that portion upon which the end of the tube E is to stand 
tbe cup is then placed upon the bung B, and the latter inserted tightly 
in the cylinder, and the cylinder fixed steady. Two corks (secured 
upon the ends of stout platinum wires, about 20 centims. long) are now 
inserted in the ends of the tubes D and E, and the cylinder A nearly 
filled with the lighter and colourless electrolyte. The electrode of the 
tube E is now fixed in position by means of a cross-bar of cork. The 
tube (enclosing one of the plafcum wires) is next simultaneously 


Fxo. 1. 



immersed, together with the electrode G, in the liquid, and its lower 
end verj' slowly and carefully placed so as to stand perfectly flat and 
watertight upon the Hd of the cup. Both the upper end of the tube E 
and of the electrode G are now fixed tightly in the cylinder by means 
of pieces of cork. The cork from the tube E is then withdrawn with 
extreme slowness, so as not to destroy the definite meniscus, and then 
the one in D similarly removed. The current from five or ten (o 3 ^ 
more) Grove’s elements is now at once passed from G to H (before 
■the liquids in D and E have time to mix), and the effects upon the 
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contact surfaces of the two liquids (and especially npon the portions 
of liquid immediately above them) continnally observed and noted. . 

To those of the lower liquids which were colonrless, strong colour 
was imparted by addition beforehand of solution of litmus. Although 
purity of the liquids does not appear to materially affect the pheno* 
mena under examination, distilled water, pure acids, and usually salts 
of a high degree of purity were employed in all cases. In all the first 
six experiments of the following series a current from a single row of 
five Grove’s elements, each of one pint capacity, was used; and the 
apparatus already described was employed in all those to Ho, 36. 

JBzjperiment 1.—^Meniscus tubes 12 millims. high and 3*5 millims, 
bore. Lower liquid, a saturated solution of cupric chloride of a green 
colour; upper one, dilute sulphuric acid, 1 in 10. After passing the 
current during five minutes, the cupric solution in the tube under 
anode was deep green, and its meniscus indefinite; and under cathode 
blue, with meniscus definite. Ecversed current repeatedly and obtained 
similar effects each time after about ten or fifteen minutes. BemarJcs ,— 
The blue colour at the positive end of the cupric solution was probably 
due to the accumulation of basic chloride by the influence of the 
current. 

Bx^, 2.—Same tubes. Lower liquid, a saturated aqueous solution 
of cupric sulphate; upper one, same as in last experiment. Free con¬ 
duction. Positive meniscus definite and negative one indefinite.* By 
reversing the current the previously definite one thickened out and 
rapidly became lower in position, whilst the other one gradually be¬ 
came definite and rose in position, as if the mass of the liquid moved 
in the same direction as the current. 

Bxp, 3.—Same tubes. Lower liquid same as last; upper one, 1 
volume of hydrochloric acid and 6 of water. Conduction free. Isfo 
green colour at negative meniscus below anode. (Found by a separate 
experiment that the addition of hydrochloric acid to a solution of 
cupric sulphate did not make the latter green.) Positive meniscus 
was definite, negative one indefinite and diffused. The anode became 
coated with solid hydrate of chlorine, which fell off and decomposed 
with evolution of gas on stopping the current. 

4.—^Meniscus tubes 15 millims. long and 4 millims. bore, were 
now used in all experiments to No. 12. Lower liquid a saturated 
solution of cupric chloride; upper one a saturated solution of potassic 
sulphate. Conduction moderate. Positive meniscus definite, and soon 
a second and parallel line appeared beneath it, the intervening stratum 
bamg weak in colour; negative meniscus diffuse. Reversed the 
current, first an upper, and then a second and lower line appeared 
I under the cathode; the other meniscus became diffuse and indefinite. 

* By positive meniscus I mean the one under the cathode, and by negative that 
under the anode. 
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Exjp, 6. —^Lower liquid, If ozs. of potassic bicliroinate dissolved in? 
12 ozs. water; upper one a balf saturated solntion of sodic carbonate. 
Conduction moderate- The bulk of the lower liquid appeared to move 
in a direction opposite to that of the current, and its level becana^ 
8 millims. lower in the tube under the cathode than in that under 
anode, A double meniscus line formed in the positive tube under 
cathode), G^s was evolved at the positive meniscus, probably car¬ 
bonic anhydride. Positive meniscus became ultimately 12 millims, 
lower than negative one. On stopping the current the positive 
meniscus rose and the negative one fell immediately. 

6 ,—Lower liquid, a saturated' solution of cupric sulphate, 
upper one dilute nitric acid 1 in 12. Copious conduction. Blue 
liquid rose in tube under cathode, and sank in that under anode. 
Positive meniscus very definite, negative one diffuse. 

JEJx^. ?.—^I^ow employed a single series of six Grovers elements in 
all the experiments to Ifo. 34. Lower liquid a saturated solution of 
mercuric nitrate (not coloured); upper one, dilute nitric acid 1 in 12. 
Pree conduction. A layer of white powder, 25 millims. thick, soon 
accumulated at the positive end of the lower liquid. Beversal of 
current quickly caused the salt to disappear, and to reappear at the 
opposite (now the positive) meniscus. Remarks ,—^The white powder 
was probably salt accumulated by the influence of the current. 

8 .—Lower liquid a nearly saturated solution of yellow potassic 
chromate; upper one .same as in last experiment. A thin layer of solid 
red salt set free at each meniscus by chemical action. Now passed the 
current. Salt at positive meniscus dissolved quickly. Positive meniscus 
descended slowly and negative one ascended, as if the lower solution 
moved in an opposite direction to that of the current. 

Bxp, 9.—Lower liquid a saturated solution of cupric nitrate; upper 
one same as in last experiment. Copious conduction. The definite 
line commenced to be visible at positive meniscus in two minutes, and 
soon became of a deeper blue colour than the layer of solution imme¬ 
diately below it, as if the bine colour ascended and caused the colour 
to become concentrated as it progressed. 

Bxj), 10.—^Lower liquid a saturated solution of cupric chloride j 
upper one same as in last experiment. Copious conduction. Definite 
lin^ of blue colour soon formed at positive meniscus. The solution 
below negative meniscus being green. Reversal of current reversed 
these eiffects. Bemarks.—The line of bine colour at the positive 
meniscus may have been due to electrolytic accumulation of basic 
chloride, or to electric diffusion of nitric acid. Dilute nitric acid ^oes 
produce such a change of colour in a solution of cupric chloride. | 

11.—Tubes 18 millims. long and 5 milbms. here. Lwgl 
liquid a nearly saturated solution of cupric nitrate; upper one dilute 
nitric add 1 in 10. Very firee conduction. lu two minutes the nega- 
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tive meBiscTLS became diffused, and the positive one a distinct line; 
the solution was of a lighter colour 3'0 millims. below the latter 
meniscus than lower down. Several reversals of the current reversed 
th^e effects each time in a few minutes, the period requisite increasing 
each time. 

Exp, 12.—Same tubes as in Experiments 5 to 11. Lower liquid a 
saturated solution of cupric nitrate; upper one dilute hydrochloric 
acid 1 volume to 8 of water. Copious conduction. Coloured liquid 
below anode seemed to sinh. A definite line appeared at positive 
meniscus in one and a half minute. By reversal of current that line 
became indefinite almost at once, and a definite one appeared at the 
other surface of contact in two and a half minutes. The mass of 
lower solution appeared to move in the direction of the current. 

Exp, 13.—Tubes 15 millims. long and 7*5 millims. bore. Lower 
liquid same as in last experiment; upper one, 2 ozs. potassic bromide 
dissolved in 12 om. water. Each contact surface of the lower liquid 
became green previous to passage of cuiTent. Conduction moderate. 
Green colour extended downwards at surfe.ce below anode, and did not 
decrease at the other meniscus. Definite lines were produced at 
both meniscuses, the negative meniscus also became bluish. Reversed 
current, a definite line was produced in an extremely dilute part of 
lower solution below cathode; the other appearances were also 
reversed. 


Fie. 2. 



Exp. 14.—Lower liquid the same as in the last experiment; upper 
one dilute nitric acid 1 in 10. Two definite horizontal lines form^ in 
the lower liquid below cathode in about one minute, about 1*75 mini-m 
asunder, with a pale yellow stratum of liquid beneath them, and soon 
merged into each other. The other meniscus sank and became difiu^. 

Exp. 15.—Lower liquid a strong green solution of cupric bromide; 
upper one same as in last experiment. Upper surfaces of lower solu¬ 
tion were convex and became blue without the aid of the current. 
Copious conduction. Blueness of surface disappeared from negative 
^^eniscus and increased to positive one, and became deeper in colour 
j to 1*75 ipillim. thick. Definite line at surface below cathode, and 
diffused memscus below anode. Negative meniscus became strongly 
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convex and clondy, the other one was blue, clear, and slightly cdn-^ 
cave; its blue portion became nearly 12 millims. thick. Reversal of 
current was soon followed by reversal of these effects. The total bulk 
of the lower liquid increased during the experiment. 

Mxp. 16.—Lower liquid a saturated solution of potassic cyanid^ 
coloured blue by litmus; upper one, 2 ozs. potassic chloride dissolve^ 
in 12 ozs. of water. Conduction copious. Definite line produced in 
two minutes at about 2 millims. above the blue solution below cathode, 
and the blue colour soon ascended to it. Positive meniscus became 
definite and greenish. The mass of lower liquid appeared to move in 
a direction opposite to the current. 

Exp. 17.—^Lower liquid same as in last experiment; upper one^ 

4 ozs. of a saturated solution of sodic carbonate and 8 ozs. of water. 
Weak conduction. The line at negative meniscus was more definite 
than that at positive one. After reversal of current this effect was 
also reversed. The line began to form at about 2 millims. above the 
blue liquid under anode. The blue liquid appeared to move in a 
direction contrary to that of the current. 

Esp. 18.—Tubes 18 millims. long and 7*0 millims. bore. Lower 
liquid as in last experiment; upper one, 1 oz. of acid sulphate of 
sodium iu 12 ozs. of water. Pree conduction. A hue appeared at 
once in very dilute part of cyanide solution below anode, and on re¬ 
versing current it appeared immediately in the other tube. Soon also* 
solid salt formed at the positive meniscus (probably potassic sulphate), 
as if much downward electric diffusion of acid occurred there, the 
colour also became weaker; no salt formed at the very definite nega¬ 
tive meniscus. By reversing the current a dilute space was produced 
between the deep blue coloured cyanide below and the light blue 
above near the line of negative meniscus. The mass of lower liquid* 
appeared to move in the direction of the current, contrary to what 
usually occurs with a solution of potassic cyanide. The total bulk of 
the blue liquid increased. 

Es^. 19.—^A one-fourth saturated solution of acid sulphate of sodium 
beneath, and dilute nitric acid 1 to 10 above. Copious conduction .. 
in three minutes a line commenced to appear 1*75 milHm. above 
positive meniscus in pale red portion. Liquid appeared to move in 
the direction of the current. 

E^. 20,—Same solution of coloured potassic cyanide below as in 
Experiment No. 18, and one of 1-|- oz. of potassic ferrocyanide in 
12 ozs. of water above. Free conduction. Definite concave line in 
half a minute in tube below anode. Stopped current, the line became 
at once flat. Reversed current, a curved line appeared in colourless 
portion of liquid of tube below the anode in 1-| minute, 1*75 millim. 
above visible blue portion, and sank down into the blue m half 
minute. Blue colour in tube below cathode rose, and became weaker 
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tliaii in tlie otlier. Reyersed current again, line in tube below anode 
produced immediately. 

21. —^Lower liquid a saturated solution of cbloride of cobalt, 
upper one dilute nitric acid 1 to 10. Copious conduction. Two lineS' 
soon formed about 2 millims. apart in the liquid of tube below cathode,, 
they merged and formed one concaye line. The lower liquid appeared 
to moye in the direction of the current. By reyersal of current the 
line appeared in the tube under the cathode, and the coloured liquid 
in the tube under anode became diffiise. Preyious to the line appear¬ 
ing, the surface of lower liquid under the cathode was conyex; when 
the line first appeared that surface became straight, and when the line 
was fully developed it was concave. The liquid again appeared to 
move in the same direction the current. 

22. —L saturated solution of yellow potassic chromate below, 
and one of 3 ozs. of sodic sulphate in 12 ozs. water above. Conduction 
free. A line appeared in one minute, in liquid of tube below anode, at 
the verge of dilute part; a second line also appeared but did not 
merge into the first; a third line also came, but did not merge into- 
the next one. The solution in the tube below anode diffused upwards, 
and that in the other concentrated downwards, so that the mass ap¬ 
peared to move in a direction opposite to the current. Beversed the 
current, similar effects occurred. 

Mxp, 28.—^Lower liquid a saturated solution of perchlorate of nickel; 
upper one dilute nitric acid 1 to 10. Conduction moderate. In two> 
minutes the surface beneath cathode became perfectly flat and defi¬ 
nite, and then concave. Soon also a second line appeared 5 millims. 
below the other, with increased colour of solution beneath. The 
liquid in the other tube became diffused in colour. Beversed current,, 
similar effects occurred after about ten minutes. 

24.—Small tubes 16 millims. long and 10*5 miiHms. bore,. 
Lower liquid 1 volume of sulphuric acid to 2 of water, coloured by 
litmus; upper one dilute sulphuric acid 1 in 20, not coloured. Con¬ 
duction free,. Positive meniscus became a little more definite. Ho 
other apparent effect. 

Lxp. 25.—saturated solution of cupric nitrate beneath and dilute 
nitric acid above. Moderate conduction (battery weak). A definite* 
line, concave and rising, developed in tube under cathode. Beversed 
current, similar effect but feebler. 

JEJxp, 26,—^Lower liquid a saturated solution of sodic carbonate, 
coloured by litmus; upper one dilute solution of the same salt, con¬ 
sisting of 1 volume of the saturated solution and 12 volumes of water*. 
Feeble conduction. The liquid in tube below anode diffused, that in 
the other tube did not. Mass of lower liquid did not appear to move 
I in direction of the current, but ascended by diffiisiou at negative- 
^ meniscus. Ho production of a visible line. 
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JBxp, 27.—Small tubes eack 14 millims. bigb, one 5 millims. bore, 
■and tbe other 15 millims. Lower liquid 1 volume of sulphuric acid to 
2 of water, coloured; the upper one consisted of 1 volume of sulphuric 
acid and 20 of water. Battery strong, current from broad to narrow 
tube. In two minutes a line appeared in narrow tube about 2 millims. 
above red liquid; the liquid rose a little in the tube. Bemarhs, —Ex¬ 
periments Hos. 24, 26, and 27 show that it is difidcult to obtain the 
definite line with liquids which differ only in strength. 

28.—Lower liquid a saturated solution of cupric nitrate; 
upper one, dilute sulphuric acid 1 in 8. Current from broad to narrow 
tube. Two lines developed in narrow tube "3*0 millims. asunder; the 
upper one concave and the lower one flat. N’o line produced in 
broad tube. Reversed current, lines in narrow tube disappeared, and 
the meniscus became diffused. Two lines developed slowly in broad 
tube 1*75 millim. apart, the upper one concave in weakest part of the 
red liquid; the lower one flat, and merged after a while into the other. 

JEajp. 29.—Lower liquid same as in last experiment; upper one 
dilute nitric acid, 1 volume of acid to 5 of water. Current from broad 
to narrow tube. Free conduction. A straight line developed in 
narrow tube in about forty-five seconds. Reversed current, a line 
commenced to appear in broad tube in about seven minutes, and was 
fully developed in about four minutes more. Reversed again. Straight 
line developed in narrow tube in about four minutes; it quickly be¬ 
came concave, and the liquid rose in that tube as if moving in the 
direction of the current. 

JEa^. 30.—^Lower liquid a saturated solution of sodic carbonate, 
coloured by litmus; upper one dilute solution of the same salt, viz., 
1 oz. of the saturated solution and 12 ozs. of water. Current from 
broad to narrow tube. Conduction very feeble, though battery was 
strong. Ro line produced in either tube. Liquid in narrow tube 
sank and became weaker in colour and diffused; that in the broad 
tube rose slightly and became less diffused. The mass of the liquid 
appeared to move in a direction opposite to that of the current. 

31.—Lower liquid a saturated solution of potassic cyanide, 
coloured by litmus; upper one, 1 oz. of thfe same salt in 12 ozs. water. 
Ourrent from broad to narrow tube. Conduction feeble. An im¬ 
perfectly developed line produced in narrow tube. The coloured 
liquid sank in the narrow tube as if moving opposite to the current. 
Liquid surface was less definite in the broad tube than in the agtarrow 
one. 

Easp. 32.—Lower liquid, equal volumes of nitric acid and water, 
coloured; upper one, 1 volume of nitric acid and 10 of water. Both 
n^iseuses convex. Current from broad to narrow tube. Free con- 
duefion. ImperfecHy developed line in colourless portion of liquid in 
narrow tube in four minutes, 2 millims. above the red hquid. The* 
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red liqtdd rose in narrow tube as if moving in same direction as the 
-cnrrent. BtemarTcs, —Experiments ITos. 31 and 32 also show the diffi- 
.cnltj of producing definite lines in liquids which differ only in degree 
•of concentration. 

33.—Now employed a cnrrent from twelve Grove’s cells 
arranged in single series, until Experiment No. 37. Small tabes 15 
millims. high and 8 milHms. bore. Lower liquid same as in last expe¬ 
riment j upper one, 1 volume of nitric acid and 5 of water. Yery 
<5opious conduction. Deep curved line produced in tube beneath 
cathode, and three distinct lines in the other tube, the middle one of 
which merged itself into the upper one, and the two others remained, 
ff'he liaes were not as definite as those produced by two liquids of 
more widely differing chemical composition. 

Eosp. 34.—Small tubes 17 millims. high, 5*5 millims. bore. Liquids 
same as in last experiment. Copious conduction. A definite line 
produced in colourless part of liquid in tube below cathode 1*75 millim. 
ajK>ve coloured portion, and a very faint one produced in the other 
tube. These lines disappeared during the stoppage of current, and 
reappeared wHIst it was passing. They disappeared in about two or 
tihree seconds and reappeared in about six seconds, and were the most 
definite in the tube under cathode. This was verified several times. 

3. JEIxpenments^with Treble Meniscus Apparatus. 

In the following experiment a different apparatus was used. A is 
^ rectangular cell 20 centims. high, 12*5 centims. long, and 5*5 centims. 
wide, with front and back of polished plate glass, held together by 
*clamp screws. B and C are glass <fcps, fitted with lids and tubes as 
the previously described apparatus (see p. 58), B having one tube*and 
<3 two *(eaoh tube being 15 millims. high and 12 millims. bore). D, 
Bj and E are three similar glass tubes, E and E being provided with 
pk^inum electrodes, G and H. The cups were first filled with the 
«coloured liquid and placed in the cell, and the latter filled as in the 
former apparatus. The object of the experiment was to compare the 
^effects of an up current and of a down current with ordinary diffusion 
without current in the small tube within D. 

35.—^Lower liquid a saturated solution of cupric nitrate; 
upper one, 1 volume of nitric acid and 5 of water. A curved line was 
^quickly produced in each of the two tubes, highest up in the one 
under the anode; that line remained in the colourless part of the 
liquid whilst the one under the cathode descended or merged quickly 
into the blue solution. The blue solution rose in height undmr ibe 
cathode, as if the liquid moved in ibe same direction bb the current. 
^Ibree permanent lines were produced in the tube under the cathode, 
the top one slightly concave, the two lower ones straight. The line in 
cotourless portion in the tube under anode rose slowly as the lower 
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increased in bulk. 3Sfo manifest difference of diffiision appeared 
during IJ hours in the tnbe nnder the anode when compared with 
that in the tube with no current, excepting that the liquid had risen 
more in the former than in the latter, probably in consequence of th^ 
heat of conduction resistance. 


Jig. 3. , 



36.—^The usual double meniscus apparatus (see p. 58) was now 
used again, and a single series of twenty-five Grove’s elements waS^ 
employed in this and ‘the following experiments to No. 40. The 
meniscus tubes were 17 millims. high and 8 millims. bore. Lower, 
and upper liquids same as in last experiment. Copious conduction^ 
Almost instantly a line with strong concavity downwards was pro¬ 
duced, about 2 millims. above the blue surface of positive meniscus, 
another in the diffused portion of blue liquid below the anode. 
This was followed by the production of two less-defined lines in the 
blue portion of solution below cathode, and this was immediately 
Bucceeded by a strong wave-like motion at positive meniscus, and a 
pxijection upwards of portions of the blue liquid, and soon afterward 
bubbles of gas or vapour were produced in the middle part of 
tiba positive meniscus in the position of the lowest line. On reversing^ 
tifie current the gas was produced strongly in the meniscus und® 
and continued a short time also at the other meniscus. Tli^ 
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violei^ce of the action caused the liquids to mix, and required the ex¬ 
periment to be stopped. The current was too strong for the persistent 
prodi^ction of definite lines. 

Bxp, 87.—Same tubes. Lower liquid, 1 volume of sulphuric acid 
and 2 of water; upper one, 1 volume of nitric acid and 5 of water. 
Very copious conduction. A line with convexity downwards was 
immediately produced at each meniscus, and was soon followed by a 
strong action at each surface, strongest at the positive one, causing a 
streaming upwards of the lower liquid as if unequally heated, and a 
down rushing of the upper liquid, which destroyed the definite line. 
Small bubbles of gas or vapour were also produced all over the surface 
of the positive meniscus only. 

38.—Meniscus tubes 22 millims. high and 12 millims. wide. 
Lower liquid a mixture of 2 measures of saturated solution of cupric 
sulphate and 1 measure of dilute sulphuric acid, consisting of 1 volume 
of add to 2| volumes of water; upper liquid, 1 volume of sulphuric 
acid and 7 of water. Two lines were produced at the negative 
meniscus. The violence of the action soon put a stop to the experi¬ 
ment, Bemarks .—The stronger action at the positive meniscus than at 
the negative one in Experiments 37 and 88 was probably due to the 
more definite accumulation of acid and basic products in contiguous 
layers at the former than at the latter meniscus. 

Bx;p. 89.—^Meniscus tubes, 17 millims. high and 8 millims. bore. 
Lower liquid, 1 volume of nitric acid and 1 volume of water; upper one, 
1 volume of nitric acid and 5 of water. Conduction copious. A hue 
with convexity downwards produced at once above positive meniscus, 
followed soon by one above negative meniscus; this was succeeded by 
strong wavy movements at those surfaces, as if the effect of heat or 
of liquids of different specific gravity. 

Bemarhs on the Foregoing Bxjgeriments. 

The phenomena in all the experiments are evidently very complex, 
and are a mixture of physical and chemical effects. The effects to be 
explained consist chiefiy of the production of the fine lines, and an 
apparent movement of the mass of the liquid. The hypothesis which 
seems' to be the most completely consistent with them is, that 
they are chiefly due to electrolytic changes, to differences of specific 
gravity, to ordinary liquid difcsion, to electric transfer and diffu¬ 
sion of liquids, and to heat of electric conduction resistance. That 
also the surfaces of mutual contact of the two solutions, and of 
those solutions with the layers of liquid produced by electrolysis, 
act in some degree as electrodes and as diffusion diaphragms- 
That by the electrolytic liberation and subsequent accumulation of 
electropositive and electronegative ingredients, and the transference 
of water by electric diffusion and its accumulation on the sides of the 
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surfaces of mnlml contaefc of tlie liquids, various pltenomeiia, sucli as 
layers of Hqtdd of different specific gravities and adhesive powers,^ 
lines, layers of colour, alterations of forms of meniscus, do^ward^ 
liquid currents, &c., are produced. That also hy the heat of coh^ 
duction resistance evolved in the tubes in consequence of the reduced 
area of section of the solutions; by the surfaces of the layers of liquid 
acting as electrodes; and by the chemical union of acids and bases set 
fi^ee in contact with each other at the meniscuses, thermic expansion and 
streaming upwards of liquids, &o., are produced. In order to be able 
to understand the results of each separate experiment, these and the 
subsequent explanations require to be applied to the particular case. 

The apparent transfer of mass may be partly explained upon the 
.assumption that the colouring matter acts as a base towards acids, 
and as an acid towards bases, and is transferred accordingly, thus 
producing in the former case, by diminution of colour at the negative 
and increase of it at the positive end, an appearance of bodily transfer 
of the heavier liquid in the direction of the current. Others may be 
explained upon the supposition that basic matter is set free at the 
liquid cathodes, and acid matter at the liquid anodes; thus, with the 
lower liquid containing a s^t (such as cupric sulphate) composed of 
a coloured base and a colourless acid, the blue basic matter accumu¬ 
lated at the liquid cathode, and the colourless acid at the liquid 
anode, and the liquid appeared to move in the direction of the 
current; but with one containing a salt (such as potassic chromate) 
composed of a coloured acid and a colourless base, a reverse move¬ 
ment appeared to occur. 

The downward movement of the meniscus under the cathode which 
occurs in some cases (see Experiments 41, 42, and 43), may probably 
be explained as follows:—By the npward passage of the electric 
current and the meniscus acting as a kind of diaphragm, a greater 
volume of liquid’ was transferred’ by electric diffusion from the 
negative to the positive side of the division than in the reverse 
direction (see “ Experiments on Electric Osmose,*' Proc. Roy. Soc.,” 
Ho. 208,1880, vol. 31, p. 253). This explanation, however, does not 
appear very consistent with the fact that the lines when first observed 
are not usnally close to the coloured surface of the true meniscus, and 
do not separate farther from it by continuance of the current. 

The influence of chemical composition of the liquids upon the 
formation of lines is illustrated on page 85. The greater the differ¬ 
ence of specific gravity of the two liquids, the more easily were the 
Ines produced. The line occurs more frequently where the current 
goes from concentrated to dilute solutions of .different substances than 
"die reverse; out of 42, line, 28 were at the positive, and 14 at the neg^- 
pve meniscus. The definiteness of the lines where the current pass^sf^ 
and the indefinitenee usually produced where it passes 
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downwards tlirongli tlie meniscus, may be explained as follows:—In 
tbe former case tbe layer of liquid accumulated aboYe the meniscus 
by tbe united action of electrolysis, ordinary and electric division, is 
of less specific gravity than tbe layer produced below it, and con¬ 
sequently tbe two layers do not as readily mix witb eacb other; but 
in tbe latter case tbe layer produced above tbe meniscus is usually of 
greater specific gravity than that immediately below tbe meniscus, 
and tbe liquids more readily mix. These circumstances probably also 
partly explain tbe greater frequency of tbe lines at tbe positive 
meniscus than at tbe negative one. 

numerous observations have shown as very probable that tbe upper 
line nearly always originates at some distance from tbe meniscus, and 
in some cases subsequently moves down to it, whilst in others it 
separates from it (see Experiment Ho. 40) j and in cases where tbe 
two ^quids have somewhat mixed, and there is no definite meniscus, 
tbe bne commences in an extremely dilute and nearly colourless 
^ratem of tbe lower liquid. Tbe line sometimes commences nearly 
^ mdilims- above tbe visibly coloured layer. 

The apparent thickness of tbe lines is probably due to convexity. 
Tbe lines produced are usually straight witb a moderate current, and 
curved witb convexity downwards witb a strong one. Tbe commonest 
case is, that tbe line at first is curved and barely visible, but gradually 
becomes definite and flat, and remains so. Tbe form of tbe meniscus 
is sometimes changed by tbe passage of tbe current; this would be a 
necessary consequence of tbe alterations produced in tbe composition 
and adhesive properties of tbe layers of liquid on eacb side of tbe 
meniscus. Eacb newly formed line also possibly acts as a meniscus, a 
liquid electrode, and a diflusion diaphragm. A series of lines could 
probably only occur where eacb successive layer of liquid in ascending 
order was lighter than tbe one next below it, and heavier than tbe 
one next above it. Such a series occurs more frequently at tbe 
meniscus beneath tbe cathode than in tbe one beneath tbe anode. 

Whether tbe meniscus is rendered more permanent or not by tem¬ 
porary passage of an upward current through it, and tbe accumulation 
of ions against eacb of its surfaces, I have not definitely ascertained; 
tbe free acid of tbe upper layer, and tbe free base of tbe lower one 
must, however, subsequently unite and form a third separating stratum 
ck>se to it. 

Time is an important element in tbe formation of tbe lines; long 
continued action is, within certain limits, more favourable than a 
strong current to their production# Tbe first line usually appears in 
about one to five minute®, tbe second takes more time, especdally if 
ibe current has been jmmng a loi^ time in an opposite direction; tbe 
l^gtb of time required for tbe line to appear in tbe opposite tube on 
reversal of current, depends upon the period during which tbe current 
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Las been passing in the previous direction, the greater that period the 
longer must it pass in the other direction. The greater difficulty of 
producing lines with two liquids, which differ only in degree of con¬ 
centration (see Experiments !N'os. 24, 26, 27, 30, 31, 32, 38, 34, and 
39), shows that the rapidity of production of the definite line is not 
proportional alone to the amount of current passing. I did not ascer¬ 
tain for how long a period the line could be maintained. 

The bulk, or form of the mass, of either the lower or upper solu¬ 
tion, have little or no effect upon the phenomena, except so far as they 
affect the electric conduction resistance. It was frequently observed 
that the lower liquid increased in bulk during an experiment, probably 
in consequence partly of heat of conduction resistance and partly 
because of ordinary diffusion transferring more liquid from weak to 
strong solution than from a strong to weak one, partly also because 
electric osmose is nearly always more copious from a dilute to a con¬ 
centrated liquid than the reverse (see “Experiments on Electric 
Osmose’’ loc. cit), I have not ascertained whether the usually greater 
electric osmose is wholly or only partly due to ordinary diffusion. 

4. Experiments with single Meniscus Apparaius. 

In order to be able to more perfectly analyse the phenomena by 
reducing them to their simplest state, I employed in the following 
experiments an apparatus having only a single meniscus tube (see 
fig. 4). 

Fig. 4. 



The outer vessel contained the heavier hquid and the inner cyKnder 
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fhe lighter one, the latter being artificially colonred when necess^ 
bT means of Htmns. The inner vessel was supported, and capable 
of being steadily raised by means of a vertical rack and pinion (not 

Btown in tlie sketch.). ^ \ 

In rising this apparatus (after placing the electrodes in positaon), 
the small cyUnder was first raised, and then the exact talk (viz., 
94 ozs.) of solution was poured into the outer vessel. The ^er 
cylinder being next depressed until its lower end was level with the 
liquid, the lighter solution was allowed to flow very slowty down the 
surface of that vessel, and the cylinder simultaneously depress^ 
mth great regularity (by means of the rack and pinion), so as to 
keep the meniscus within the small tube, until the vessel was suffi¬ 
ciently immeKed. In cases where it was desirable to colour toe 
heavi« Hquid instead of the lighter one, the meniscus tube pro 3 ected 
into the lighter liquid instead of into the heavier one. 

This apparatus is more easily managed than the one descntad on 
p 68 • toe arrangement also offers less conduction resistance, and a less 
powerfnl battery suffices; the phenomena obtained with i* ^ 
qinring to be observed are less numerous, but at the same toe 1^ 
comffiL; reversal of the current, however, usuaUy embles toe 
remtoder of the changes to be perceived. In this apparatus also the 
phenomena at one meniscus are not liable to be neutralised, or in any 
other way interfered with by those at the other, this is parfacularly 
advantageous with regard to the visible movements. By raismg the 
inner finder slightly and then depressing it, a detote meniscus c^ 
^so be obtained at any time. The foUowing e^nments were made 
with it by toe aid of a current from twelve Groves cells m single 


' 40.-Meni8cus tube 17 millims. long, 7 mniims. bore. Outer 
liquid a saturated solution of sodic sulphate. Inner and colored one 
a one-fourth saturated solution of potassio chlonde. sent up 

toe meniscus tube. Conduction moderate. A Ime produced at once. 
The meniscus moved in toe direction of the current. Acid cu¬ 
mulated at the upper surface of the meniscus and p^d^d » red 
of Hquid about 1-75 miffim. thick. By reversing the of to 

current the meniscus descended at once about 2-5 tohms. A tae 
with its coHvexiiy upwards soon formed m the cC^rlC 
about 4-0 minims, below toe border of colour; and ^ 

coloured portion. There was thusthree lines, the midffie one ^ 

criginal meniscus, now somewhat indefinite and divitog to 00!^^ 
and colourless Kqpids. By raising the cylinder imtil a of 

coloured liquid escaped, and then depress^ ^ definite 

meniscus was obtained, which soon became indefinite by toe mflu^oe 
of toe downward current in toe tube, and two otoer lin^ , one atave 
and one below it, soon began to devdop and separate further asunder. 
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as if two distinct layers of liquid (the upper one probably basic and 
the lower one acid) were accnmiilated by electric action. 

' JBssp. 41.—Outer liquid, 1 volume of sulphuric acid and 7 volumes 
of water, sp. gr. of mixture 1 ’16; inner one 5 volumes of a saturated- 
solution oxaHc acid, and 8 volumes of water, sp. gr. of mixture 1’02. 
Conduction feeble. Current sent up the meniscus tube. The 
meniscus descended quickly, t.e., in a direction opposite to that of the 
current. Ko line (in addition to that of the meniscus) was formed. 
On stopping the current, the meniscus ascended and, on renewing it,, 
descended again. Beversed direction of current. No line produced... 
Yeiy little effect, tie meniscus descended a little. 

42.—dinner liquid, 1 volume of a saturated solution of ammonie 
sulphate, and 3 volumes of water (sp. gr. of mixture 1’08). Outer one^ 
a strong solution of potassic chloride (sp. gr. 1*13). Current was 
sent up the meniscus tube. Conduction moderate. The meniscus- 
descended rapidly. A line developed in the colourless portion^^ 
near meniscus. Under the influence of the current the coloured 
liquid crept down the sides of the meniscus tube; a colourless portion 
of Hqxud of low density also formed at the under surface of meniscus 
and streamed downwards; on stopping the current these effects ceased^ 
and the meniscus rose. By sending the current now down the tube, 
a very definite and deeply curved Hne, with its convexity downwardsy 
was produced. The meniscus soon became flat and descended. 
S imi l ar streaming of liquid upwards from upper surface of meniscus- 
now took place to that which had occurred downwards; and the 
layer of liquid immediately upon meniscus, which was previously pinky 
now became blue, showing that the meniscus acted to some extent like 
an electrode, in causing the liberation of ions at its surface. Stopped 
the current; the meniscus became indefinite. Renewed it; the 
meniscus became definite. Reversed it (z.e., sent it up the tube); the 
colourless Hquid rose in the tube, and tbe meniscus was very definite. 

J^ap. 43.—Inner liquid, 1 volume of a saturated solution of sodie 
ly-drate and 3 volumes of water (sp. gr. 1’07). Outer one, a satu¬ 
rated solution of sodic carbonate (sp. gr. ITl). Current sent up 
meniscus tube. Conduction very moderate. The meniscus descended 
at once, and a line was produced, with its convexity upwards, in 
colourless portion close to the colour. Similar wavy appearances just 
below tbe meniscus, and falling of colourless stream as in Experiment 
No. 42. Cn stopping the current the meniscus rose and became in¬ 
definite and the other line faded away. A definite meniscus was now 
wade by raising and lowering the lai^e tube; and the current waa 
, Jifeen reversed, i-.e., sent down the tube. A line was soon produced 
its convexity downwards, in the deep blue liquid; and another 
colourless portion, about 1*75 millim. below meniscus. There 
imw no wavy appearance or streaming down in the colourless* 
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liquid. On stopping tlie cnrrent tLe convex line ceased and the* 
meniscus was flat. By again reversing tlie* current and sending it 
down tlie tube, tlie liqnid descended at once, and two lines were 
formed, one in the colourless liqnid, and the other at the edge of the 
bine; wavy and falling appearances also occurred again. A layer of 
liqnid of deep bine colour formed npon and above the meniscus.. 
Bemarhs .—I have not found the cause of the reversal of the movement 
of the meniscus in Experiments 17os. 41, 42, and 43. 

Eq^. 44.—Inner liqnid, 1 volume of saturated solution of sodio 
carbonate and 3 volumes of water (sp. gr. 1*09). Outer one, a strong 
solution of ammonic nitrate, slightly acid (sp. gr. 1*19). Current sent 
up the tube. Conduction very moderate. Definite line produced^ 
The meniscus did not ascend or descend. A layer of red colour was- 
produced in the lowest layer of blue liqnid, and around that liquid, 
showing that the acid set free above the meniscus from the electrolysis* 
of the liquid ascended by capillary action between the blue liquid and 
the tube. Stopped the cnrrent; no such change occurred. Beversed 
its direction (i.e, sent it down the tube). The blue colour became 
sierongiy curved with its convexiiy downwards, the layer of red liquid 
gradually disappeared, and the meniscus slightly descended in the 
direction of the cnrrent. A wavy appearance of the colourless liquid 
close to meniscus and streaming of it downwards was produced, as in 
a previous experiment, as if a heavier liquid was set free at the under 
surface of the meniscus by electrolysis of the outer solution. 

Eemarhs .—The results of these experiments with the single tube 
apparatus, may (most of them) be explained in a similar manner (see 
p. 67, et seq,) to the previous ones. They also show that the move¬ 
ments of the meniscus, up or down, depend upon the particular com¬ 
bination of liquids employed, as well as upon the direction of the 
current: for instance, in Experiment 'No. 44, no such movement took 
place; wliilst in Experiments 17os. 40, 41, 42, and 43, it occurred 
freely. The comparatively quick movements of the meniscus in theso 
latter experiments and the circumstances that the contiguous liquid 
surfaces appear to act as electrodes, favour the view that the movement 
is partly a result of pressure, and that a somewhat similar movement by 
the infiuence of an electric current, takes place to a small extent with 
misdible liquids in glass tubes as occurs with immiscible ones (such as* 
mercury and an aqueous solution) in a capillary electroscope, 

5. Transfer of the Mass of Sol'idion. 

All the foregoing experiments show that the apparent movement of 
and production of definite lines, is not confined to capillary 
tubes. With the double meniscxts apparatus, the lower liquid ap¬ 
peared to move in the direction of the current in Experiments Kos. 2, 
12, 18, 19, 21 (25), 29, 32, and ^; and in the opposite direction in 
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Experimeiits iKTos. 5, 8, 16, 17 (26?), 30, and 31. It may be re¬ 
marked respecting this, that in the whole of the latter class, one of 
the solutions consisted either of sodio carbonate, potassic cyanide, or 
yellow chromate of potassium, whilst in the former class the only 
experiment in which an alkaline liquid occurred was No. 18. The 
apparent movement of the mass in some of this latter class has been 
already partly explained (see p. 68, et seq.). 

With the single meniscus apparatus, the meniscus moved in the 
direction of the current in Experiment 40; and in the opposite direc¬ 
tion (with certain variations) in Experiments Nos. 41, 42, and 43; 
whilst in Experiment No. 44, the meniscus moved very slightly. The 
direction of movement was occasionally reversed during an experi¬ 
ment (see Experiments Nos. 41, 42, and 43). In Experiments 
Nos. 40, 41, 42, and 43, the movements were quick, as if they resulted 
from pressure. The slower movements have been already partly 
explained (see p. 68, et seq.)^ 

In order to ascertain more definitely whether there existed a trans¬ 
fer of the body of the heavier liquid due to the passage of the current 
in the constricted portion of the solution, and also to compare the 
effects obtained with those recorded of the movement of water by an 
electric current, as discovered by Armstrong (see “Phil. Mag.,” 
vol. xxxiii, 1843, pp. 194—202), and investigated by Quincke and 
Jurgensen (see Wiedemann’s Galvanismus,” vol. i, 1872, p. 685, 
or Miller’s “ Chemical Physics,” 4th Edition, p. 530), I employed the 
following apparatus, fig. 5. 

A and B are two glass gas chimneys supported by two transverse 
and perforated pieces of wood C, joined by screws. D and E are two 
T-pieces of glass tube, similar, open at all their ends, and joined 
together by means of a very short india-rubber bung E, and kept from 
separating by means of two binding wires G, H. These tubes are 
fixed tightly in A and B by means of perforated india-rubber bungs I 
and J, their lower ends being closed by perforated corks K and L, 
through which pass two very narrow glass tubes M and N, open atr 
their ends, and connected by a long vulcanized india-rubber tubing O, 
of very small internal diameter (abont2 or 3 milhms.). The intended 
use of the india-rubber tube was to allow of a more ready flow of the 
liquid in the tube P. The bung P is perforated, and a small glass 
tube P, open at both ends, fits tightly in it. Q and E are two large 
-electrodes of sheet platinum, with terminal wires S and T connected 
with a battery consisting of a single series of twelve Grove’s elements. 
The vessels are fiUed thronghout with liquid up to the level of the line 
G and V (W and X are dotted lines, indicating something which 
appertains to subsequent experiments). 

In using tbe apparatus, a liquid was employed containing a very 
SiHiall amount of minute suspended particles of precipitated sulphur. 
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T 7 liicli had been mbbed np with it, taking care not to use sufficient to 
block up the finer tubes. After filling the apparatus with the liquid, 
the tube O was wound tightly upon a narrow- cylinder to expel 
l^ubblea of air, and then unwound. The apparatus being now placed 


Fio. 5. 



so that the tube P was in a strong light, the Hquid in that tube was 
closely examined by means of an eyeglass. As soon as the flow of 
liquid (arising from inequality of level) ceased, the wires S and T 
were connected with a voltaic battery, and the liquid in the tube 
again closely watched, in order to detect any flow, both whilst the tube 
O remained open throughout, and also whilst closed, by m^ms of a 
pinch-tap. 

With the tube P 15 millims. long, and 1'3 miUim. internal diameter, 
and the apparatus filled with a mixture of 19 measures of water, 
and 1 of pure sulphuric acid, not the slightest horizontal movement 
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of tlie liquid in tlie tube could be detected, either during the passage 
of the current, or immediately afterwards, the only visible movement 
VTas that of vertical currents of the liquid outside the tube, evidently 
caused by change of specific gravity, due to heat of electric con* 
duction resistance produced within the tube. 

In three further trials, three solutions consisting of 5, 55, and 
255 grs. of potassic cyanide, dissolved in 12 ozs. of water, were em* 
ployed, but with less effect than in the previous experiment. 

To further determine -whether there existed a movement of mass 
due to actions taking place at the mutual con-tact surfaces of the 
liquids, I made some experiments with two liquids in the apparatus, 
the mode of operating being as follows:—A heavier coloured liquid 
(containing suspended sulphur) was poured by means of a long-necked 
funnel into the tubes D, B, and P, until after expulsion of all air from 
O, the meniscus of the liquid stood at the level indicated by the 
dotted lines W and X. Corks (previously fixed on the ends of 
platinum wires) were now placed rather tightly in the upper ends of 
D and E, the two electrodes inserted, and the lighter colourless liqmd 
poured simultaneously into A and B, until the level of hquid was 
exactly the same in each. After all flow of liquid in P had ceased,, 
the corks were withdrawn with extreme slowness, so as not to cause 
the two Kquids to mix at their surface of mutual contact. The further 
details of manipulation were the same as those previously described. 

In a first experiment with two liquids, the lower one consisted of a 
saturated solution of cupric sulphate, containing suspended particles 
of sulphur, and the upper one of a mixture of 19 volumes of wa-ter 
and 1 of pure sulphuric acid, and the glass tube P was of the dimen¬ 
sions already given. Xo movement of the solution in or near P, 
except those already mentioned, could be detected. 

In a second experiment, the lower liquid consisted of 1 measure 
of strong pure nitric acid, and 7 measures of a saturated solution 
of cupric nitrate; and the upper one of a mixture of 1 volume of 
p-ure nitric acid, and 6 of water. The glass tube P was 15 millims., 
long, and 2"3 millimsa internal diameter. The results were similar to 
the previous one. 

The small tube P was now removed, and a very thin disk of talc, 
having a minute hole about I’O millim. diameter in its centre, was em¬ 
ployed in its stead. The disk was fitted water-tight by means of 
varnish. A current from twen-ty-five Grovers cells in single series 
was now used; and a single liquid consisting of 1 measure of 
sulphuric acid, and 2-| measures of water was employed. Free conduc¬ 
tion occurred, and large bubbles of steam were produced on each 
of the hole. The current was reversed in direction several 
t&aos; the tube O being occasionally closed. Xo translation of the 
mass due to the current could be detected, the only movements 
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dnced appeared to be due to tbe beat of conduction resistance and 
tbe explosive action of tbe bubbles of sfceam. 

In another experiment I employed two liquids and a current from 
twelve Grovers cells in single series, tbe lower liquid being a mixture 
of 3 volumes of saturated solution of cupric sulphate and 2 volumes of 
a mixture of 1 volume of sulphuric acid and 2-|- volumes of water; 
and the upper one of 1 volume of sulphuric acid and 7 volumes of 
water. The action at the two meniscuses produced no visible flow of 
liquid through the hole in the talc. 

From these results, from considerations already stated (see p. 68, 
oi seqS), and also from the circumstance that in Armstrong’s experi¬ 
ment pure water (a liquid of great electric conduction resistance) was 
necessary, and in the experiments of other investigators the flow of 
liquids required badly conducting liquids, and either porous diaphragms 
or tubes of capillary diameter, I conclude that the bodily flow of the 
unchanged mass of the heavier liquid in my experiments is, to a large 
extent, only apparent. The considerable lei^th of time also required 
for the apparent flow is consistent with this conclusion. 

6. Bx^eriments with CajpUlary Tithes. 

In order to test the question whether a similar to-and-fro movement 
by an electric current takes place with miscible liquids in capillary 
tubes, as occurs with mercury and an aqueous solution in a capillary* 
electroscope, and also to ascertain whether the quicker movements of 
the Hquids in Experiments hfos. 40, 41, 42, and 48 was of this kind, I 
made a number of experiments with a small apparatus similar to 
%. 4 (see p. 70), having (in place of the inner cylinder and tube) a 
mpULary tube, fig. 6 (containing the lighter liquid) immersed in the 
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heavier solution, the lighter liquid being very strongly coloured wi& 
Auve ” aniline dye. The electric currents employ^ were feom a 
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single cell of copper and plafeinnm in dilute sulpliuric acid, and from 
a single series of twelve Grove’s elements. Tke electrodes were of 
platinum, and tke capillary tube was capable of being raised or 
lowered through very minute distances by means of the rack and 
pinion. Tubes of various internal diameters were used, varying from 
1% *6, '45, to *35 millim. The only pair of solutions employed con¬ 
sisted of a one-fourth saturated solution of potassic chloride as the 
lighter liquid, and a saturated one of sodic sulphate as the heavier one 
(as in Experiment JSTo. 40). The currents were only continued during 
periods of less than half a minute at the utmost. 

With a tube 1 millim. diameter, and the electric current from either 
source, or in either direction, no movement of the meniscus was visible. 
With a tube *6 miUim. diameter, or with one *45 millim. diameter, 
either an upward current or a downward one from the twelve cells 
caused a downward motion of the meniscus, strongest with the upward 
current. The motion was more rapid than in the experiments with 
the usual wider meniscus tubes of this research, and less rapid than 
with mercury in a capillary electroscope; it appeared to be due partly 
to heat of conduction resistance (producing expansion) and partly to 
electric convection. (K B.—Electric osmose would have produced a 
more rapid movement of the meniscus upward by a downward current, 
than of downward movement by an upward one.) Solid particles 
suspended in the liquid were accelerated in their velocity of falling by 
the passage of the current. The meniscus did not continue very 
definite, and no lines (if any existed) were sufficiently distinct to be 
perceived. The meniscus also showed no return movement on stop¬ 
ping the current. (In this respect it differed from the movement 
with mercury, &c.) I could not ascertain that the meniscus influenced 
the motion; the latter continued the same when the meniscus was at 
the extreme end of the tube as when it was within it. It is pro¬ 
bable that the movements were to some extent of the same kind as 
those observed by Armstrong, Quincke, and Jurgensen (see p 74), 
and would have occurred with one liquid alone. The current from 
the single cell had either no effect, or else a barely perceptible one 
similar to that produced by the one from the Grove’s battery. With 
a tube *35 millim. bore, a very slight downward movement was pro¬ 
duced by the upward current from the battery. The downward 
current had the same effect, but in a less degree. "No effect was 
observed with the current from the single ceU. 

From the comparative slowness of the movement and the great 
strength of electric current necessary to produce it, I consider that 
nearly the whole of the movement of two miscible liquids in capillary 
tubes is very different from that occurring with mercury and solution 
in such tubes. The tubes, however, used with mercury are usually of 
nmdh smaller diameter. 



Infiumce of Voltaic Currents on the Diffusion of Liquids. 79* 

The results obtained with the single meniscus apparatus, and with 
the capillary tubes, support the conclusion that there is a small 
amount of real transfer of the bulk of the liquid otherwise than by 
diffusion. The rapidity of such movement appeared to vary, being 
slowest in wide tubes with feeble electric current, quicker in the 
single meniscus tube and in the capillary tube experiments, but in 
no case was it as rapid as the movement of the mercury in a capillary 
electroscope. The conditions of motion observed in these cases differ,, 
however, considerably from those in the experiments of Armstrong, 
Quincke, Jurgensen, and Wiedemann. In their experiments badly 
conducting liquids only were used, and no movement occurred if good 
conducting solutions were employed; in mine it only took place in the 
latter liquids.* 

7. Relation to Mectric Osmose. 

In order to be enabled to judge more correctly respecting the 
influence of electric osmose,” I made a number of experiments 
abnilar to that performed by Porrett (“Annals of Phil.,” vol. viii, 
p. 74). The results of these experiments have been made the subject 
of a separate paper (see “Experiments on Electric Osmose,” loc. cit)^ 
for more convenient reference by future investigators. 

As in all those experiments (numbering 68) except one, the liquid 
was observed to flow in the same direction as the positive electricity, 
and showed no signs of reversal of movement with solutions of potassic 
cyanide, yellow potassic chromate, acid chromate of potassium, or 
sodic carbonate, I again conclude that the apparent movement of the 
lower liquids in my experiments with a double meniscus apparatus is 
of a considerably diflTerent character from that known as “ electric 
osmose.” 

I also made experiments of electric osmose with the same pairs of 
liquids as those used in the single meniscus apparatus in Experiments 
Hos. 40 to 44. The electric currents were sent from strong to weak 
solution in the osmose experiments correspondiog to !Nfos. 40, 41, 42, 
and 44, and from weak to strong in that agreeing with No. 43. In 
each case the greatest osmotic transfer occurred in the direction of 
the current, and was strong in No. 42 and weak in No. 44. These 
directions of movement do not agree with those obtained in the 
experiments referred to, and the results indicate that the direction 
of the diffusion at a liquid meniscus is largely affected by the presence 
of a diaphragm. 

8. Influence of JEbrm and Bimensions of the Meniscus Tube. 

Experiments Nos. 40 to 44'were repeated with a meniscus tube of 
the form of an hour-glass* (fig. 7), and having an intemal narrowest 
diatieter of about 3 millims., but no new results were obtained. 
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One influence of tie dimensions of tie meniscus tubes consisted in 
■enabling a suitable magnitude of liquid surface to be presented to tie 
action of tie current; a sufficiently narrow 'tube in relation to the 
power of tie current was necessary in order to enable tie effects to be 
produced quickly. Another effect of narrow tubes was to produce 
^ndnction resistance, and thereby give rise to evolution of beat. 
Tie dimensions of tie meniscus tube have also seireral #ects, some of 
which appear to be independent of tie meniscus itself; for instance 
the nawower tie tube the greater is tie ratio of surface of tube to tie 
mass of tie liquid, and consequently tie relatively greater are tie 
effMts due to surface action, sucK as tie quick mechanical movements 
of the mass due to electric convection. 


9. Infltienee of Molecular Structure of the Liquids. 

T^t tie relatively different molecular structures of tie opposed 
i^ds ies at the ^is of tie phenomena, and are tie statto con¬ 
ditions wimh permit tie uniform cause (viz., tie electric current) to 
produTO ^^nt effects at tie surfaces of contact, to those it pro- 
duces in tie homogeneous mass of each liquid is evident, because tie 
local effects (such as Imes and lay^ers) were usually more con¬ 
spicuous m proportion to tie degree of physical and chemical differ- 
solutmns ; for instance, they were more difficult 
to^uce and more f^ble when two portions of tie same acid, but 

1ros^2? “ Experiments 

^ liquids was a dflute 

amd and tie other a solution of a i^vy metallic salt. 


10. Influence of Oohesim Viscosity, Specific Grwdty, Adlesim, Ordmaru 
Ihffuston, §re., of the Liquids. 

^e d^e^nt de^ees of cohesion, fluidity, viscosity, and specific 
g^fyof the liquids, probably all affect the pienomeS; tie Sr 
different of specific gravity between tie two liqffids thfm^ 
'ware the hues produced, and the more distinct usually were the 
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phosplioric acid, by being too viscous, as well as badly conducting, 
prevented the effect. 

Both the absolute and relative degrees of adhesion of the two liquids 
to the tubes, especially in very narrow ones, must also affect the results. 
In a separate paper on the ‘‘ Phenomena of the Capillary Electroscope,’^ 
“ Proc. Boy. Soc.,” ITo. 209, 1881, I have shown that adhesion per¬ 
forms an important part; and that mercury flows more rapidly from a 
capillary glass tube into dilute sulphuric acid when an electric current 
is passing in the same direction than when it is not passing; and it 
would be desirable, therefore, to examine the influence of adhesion 
upon the rates of flow of electrolytes (as well as of mercury) through 
tubes of glass (and other material) whilst under the influence of an 
electric current. 

That the phenomena of lines and movement of mass of liquid in 
these experiments are not wholly capillary is proved by the circum¬ 
stance that they have been produced in tubes of as large a diameter 
as 15 millims. Capillary action, however, affects the results (see 

p. 78). 

Assuming that the explanation I have offered of the phenomena 
(see p. 67, et seq.) is correct, ordinary diffusion is affected during 
the passage of the current, the whole of the molecules being subjected 
to electric influence, which probably aids diffusion at the one meniscus 
and neutralizes it at the other. A result obtained in the experiments 
on electric osmose, viz., that the liquid flow is more rapid when the 
direction of electric osmose coincides with that of ordinary osmose, 
than when it is opposite to it, supports the conclusion that ordinary 
diffusion (although suspended) influences the results. In Experiment 
No. 16 the dilute nitric acid diffused into the cupric bromide; this 
diffusion was by the influence of the current decreased at the negative 
meniscus and increased at the positive one; an opposite effect to that 
exerted by the current upon water. The interference of ordinary 
division might probably be largely obviated by using liquids of equal 
specific gravity. 

The less rapid osmose which occurs where an electric current passes 
from a strong (through a diaphragm) to a weak solution, than where it 
passes in the reverse direction, is not likely to be due to difference of 
chemical action, because at each junction of the liquids in the cells 
divided by porous partitions (see ‘‘ Proc. Roy. Soc.,’’ vol. 31, p. 253), 
there was opposed equivalent quantities of acid and bases set free by 
electrolysis, and therefore equal chemical action. Much more investi¬ 
gation, however, remains yet to be made in this part of the subject. 
Although the experimental evidence of an influence of the current upon 
ordinary diffusion -without a porous diaphragm is not extensive, it is 
sufficient in Experiments Nos. 40, 41,42, and 43 to prove that diffusion 
of liquids is greatly affected by the passage of a current, and that it 
von. XXXII. G 
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varies vitli tlie nature o£ tlie liquids and with other circmnstances not 
yet determined. The electric cnrrent, by liberating electrolytic pro¬ 
ducts at the two surfaces of each meniscus, must also further affect 
ordinary diffusion and electric osmose at the meniscus. 

11, Influence of Miscibility of the Liquids, 

It would be interesting to examine the influence of non-miscible 
electrolytes upon each other under the usual conditions in the single 
meniscus apparatxLS, if a pair of suitable ones could be found. I 
attempted to pass a current from a single series of twenty-five * 
Grove’s cells through two immiscible liquids lying in contact with 
each other in a U glass tube 10 millims. diameter. One liquid con¬ 
sisted of water saturated with ether and mercuric chloride, and the 
other of ether saturated with water and that salt. No perceptible 
current passed, or other visible effect was produced. 

12. Influence of Light, Heat, and Temperature, 

I have not observed that the phenomena are in any way related to 
the influence of luminous rays; nevertheless, as light is well Inaown 
to affect chemical union, it is not unreasonable to suppose that it in¬ 
fluences (though in a very much less degree) mechanical mixture. 

The influence of temperature of the liquids upon the phenomena 
has not been experimentally examined, partly because no valuable 
addition of knowledge was likely to accrue, and partly because rise of 
temperature is a disturbing condition in the case, and it would be 
difficult to manipulate with,heated liquids. The effects of heat of 
conduction resistance interfere in nearly every instance with the 
detection and accurate observation of the other phenomena, especially 
in cases where a powerful current circulates. By the influence of 
such heat, the lower liquid expands, and thus appears to increase in 
volume by diffusion. When the temperature is higher, wavy lines 
are produced at the meniscuses, especially at the positive one, and 
as the heat increases, streams of upflow of the lower solution or of 
downflow of the upper one occur; and finally, bubbles of steam 
or gas are produced at the positive meniscus, and stop the experiment. 
The heat evolved appears to be mostly at the contiguous liquid surf aces, 
probably because acids and bases are transferred there by the current 
and chemically unite; it is greatest at the positive meniscus, because ‘ 
the relative densities of the acid and basic layers there tend to 
localise the effect. 

18. Influence of Electric Conditions, 

With the exception of ordinary liquid diffusion, adhesion, and 
capillary action, all the effects are primarily due to the electric current. ^ 
and therefore dependent upon conduction and magnitude of flow. The 
chief locality of action is at and near the meniscuses, apparently also to 
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♦a less extent at tlie surface of contact of the liquids 'with the meniscus 
tube; but exactly in what manner the current operates at the contact 
surfaces is a difficult question. 

The efects of the current are both physical and chemical. A 
uniform cause or homogeneous force (such as an electric current is 
•commonly supposed to be), whilst acting under uniform conditions is 
usually considered to produce uniform immediate effects. In the 
present case, however, it appears as if one portion of the electric 
. ourrent produces direct chemical decomposition of the solution; a 
second immediately disassociates water from saline matter by diffusion, 
and a third produces direct electric convection, or simple mechanical 
movement of the liquid; or the diffusion may be viewed as a result of 
electric convection. Either then the total current of uniform property 
acts not under uniform conditions, but in several different ways, pro¬ 
ducing effects which require different degrees of electromotive force to 
produce them, or the current consists of several portions of electricity 
of different electromotive force. The supposition that these different 
effects require currents of different electromotive force to produce 
them, is in harmony with the generalised idea, that instances of 
mechanical union, or mere solution of solids in liquids, merges into 
those of definite chemical union by insensible degrees, and the two 
classes thus form an unbroken series, ranging from those of liquids 
which mix in every degree with each other, to those of the most 
powerful chemical combinations, in which the ingredients unite only 
in rigidly definite proportions. 

With regard to the purely physical effects, 'viz., electric osmose and 
transfer of mass, we may reasonably refer them to electric convection 
attending electric discharge between surfaces in opposite electrical 
states, the charged condition of those surfaces being dependent upon 
the special local resistance to electric transfer which always exists in 
greater or less degree at the surfaces of contact of bodies of different 
physical and chemical structure. In capillary tubes the charged sur¬ 
face of the glass becomes also an important circumstance. The 
unequal transfer of acids and bases must also affect the results. Acids 
always travel in greater proportion towards the anode than the metals 
to which they have been united move towards the cathode, provided 
the solutions are not kept quite neutral. 

And with regard to the electro-chemical effects, ions are probably 
liberated at every surface of junction of liquids of sufficiently different 
composition through which the current passes. A sufficient difference 
of property of the two bodies (in addition to liquidity and a sufficient 
electromotive power of the current) appears to be a necessary condi¬ 
tion of electrolysis; 'with lesser differences probably only electric 
osmose is produced. (I have not examined the effects of electric 
currents passing in oblique directions through a surface of contact of 
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two solutions o£ equal conductivity but of different specific gravities.) 
The layers of liquid on each side of each meniscus are manifestly 
results of electrolysis, and the lines are probably due to them; but 
why a line should originate in the midst of a homogeneous liquid, at a 
distance from a definite meniscus and approach (or be approached by) 
the meniscus, and merge into it, I have not ascertained. Sometimes, 
however, the lines separate from the meniscus (see Experiment Ko. 40). 

Although the chain of conducting particles from one metallic elec¬ 
trode to the other was as perfect with the two liquids as with one, 
there existed a difference of conditions at the surfaces of liquid contact 
to those existing in the mass, and one effect of this variation is a 
sudden difference of resistance to electric transfer at that locality. As 
also the amount of electric diffusion is greater when the current passes 
in one direction than in the other in experiments of electric osmose, we 
may reasonably predict as probable that the conduction resistance to 
currents of opposite direction passing through such an arrangement 
would be similarly unequal. It is probable also that the amounts of 
this per saltum resistance and difference of resistance, would vary with 
every different pair of liquids. These are subjects of further investi¬ 
gation. 

As a perfect meniscus acts to some extent as an electrode, an imper¬ 
fect one must do the same, though in a less degree. The positive one 
(or that below the cathode) acts more perfectly in this respect than 
one below an anode, because the action of electrolysis tends to main¬ 
tain it, and even make it more definite. It would further appear that 
every inequality of composition, or of internal structure of the liquid 
in the path of the current must also act to some extent as an electrode; 
and if this be correct, not only the meniscus proper, but also the 
surfaces of the layers of acid and basic products of electrolysis next the 
masses of the two solutions must also act in like manner; but this is 
only a supposition for future examination. 

As I have not been able to obtain any visible lines or movements of 
the liquids with an electric current of insufhcient power to produce 
electrolysis, and electrolysis will reasonably account for several of the 
phenomena, I conclude that electrolysis is not merely a concomitant 
circumstance, but acts also as a cause. 

The converse phenomena, viz., the influence of electric currents on 
the diffusion of liquids, has been made the subject of separate experi¬ 
ments (‘‘Electric Currents produced by Liquid Dffiision and Osmose,’^ 

Proc. Boy. Soc.,’’ voL 31, p. 296). 

I have not searched for any new action of magnetism upon the phe¬ 
nomena of Hues, movements of liquids, &c. 

14. Influence of Chemical Adion, 

As purely chemical action appears to be only a coincident and not a 
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fundamental part of tlie phenomena, the inferences to he drawn from 
it are probably less important. Chemical action is a constant con¬ 
comitant in the case; it always took place, 1st, by electrolysis, 2nd, by 
contact of liberated ions; and, 3rd, occasionally by contact of the 
original liquids. It sometimes occurs at the meniscus previous to the 
passage of the current. As also, by the influence of the current, acids 
and bases are hberated at the contact surfaces, and as in the foregoing 
numerous experiments with the double and single meniscus appa¬ 
ratuses, the kind of solutions in mutual contact have been found to 
largely influence the phenomena of the lines, &c., so the layers of new 
compounds formed by electro-chemical action probably also have 
similar effects. 

From the results of the experiments with the meniscus apparatuses 
it also appears that the lines may be produced with almost every 
possible chemical combination of electrolytes; for instance, where the 
current goes from concentrated to dilute solution, whether from acid 
salt to acid (as in Experiments !N’os. 1, 2, 3, 6, 7, 8, 9, 10, 11, 12, 14, 
15,19, 21, 23, 25, 28, 29, 35, 36, and 38) ; one acid to another (Bxpe- 
riments ITos. 87 and 41); one alkaline salt to another (Experiment 
hTo. 17); an acid salt t*o a neutral one (Experiments Nos. 4, 18, and 
22) ; a neutral salt to an alkaline one (Experiments Nos. 5 and 44); 
an alkaline salt to a neutral one (Experiments Nos. 16 and 20) ; one 
neutral salt to another (Experiments Nos. 40 and 42); or from an 
alkaline salt to an alkali (Experiment No. 48); but not so readily from 
a strong solution of an acid to the same diluted (Experiments Nos. 24, 
27, 32, 33, 34, and 39) ; nor from a strong one of an alkaline salt to 
the same diluted (Experiments Nos. 26, 30, and 81). A possible rela¬ 
tion of the apparent movement of the mass of the liquid to the 
chemical composition of the two liquids has been already indicated 
(see p. 68). 


^‘Phenomena of the Capillary Electroscope.” By Gr, Gore, 
LL.D., F.R.S. Received November 23, 1880. Read 
January 6, 188l. 

In a communication ‘‘ On the Capillary Electroscope ” (“ Proe. 
Roy. Soc.,’' vol, 30, p. 32), I have described various details neces¬ 
sary to be attended to in the construction and use of a modified 
form of that apparatus, and I now give an account of an investigation 
I have made of the phenomena of the movements of the mercury in 
such instruments. A research I formerly made, “ On the Movements 
of Liquid Metals and Electrolytes in the Voltaic Circuit” (“Proc. 
Roy. Soc.,” vol. 10, p. 235), throws additional light upon the 
subject. Some of the phenomena arising out of this research have, 
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for tlie sake of convenience, keen made the subjects of separate com¬ 
munications. (See Effects of Electric Currents on the Surface of 
Mutaal Contact of Aqueous Solutions,” “ Proc. Boy. Soc.,” vol. 30, 
p. 322, iUd., vol. 31, p. 250; “ Influence of Blectrib Currents on Dif¬ 
fusion of Liquids;” Experiments on Electric Osmose;” “Electric- 
Currents caused by Liquid Diffusion and Osmose, ’ ibid; vol. 31, 
p. 253, ibid,, vol. 81, p. 296.) 

Erman, in the year 1809, appears to have been the first to ooserve* 
the movements of mercury in a conducting" solution while under tho 
influence of an electric current. Since that time a large number of 
investigators have examined the phenomenon and the allied 5>nes of 
electric osmose, electro-capillary action, electric currents produced by 
capillarity, the mechanical effect of electric currents upon liquids- 
and upon solid particles suspended in them, &c. Among these are- 
Armstrong, E. Becquerel, Buff, H. Davy, Draper, Du Bois Beymond, 
Faraday, Heidenhain, Hellwig, Herschel, Hittorf, Jiirgensen, Kuhne, 
Lippmann, Logeman, Matteucci, Paalzow, Pfaff, Poggendorff, Porrett,. 
Quincke, Beichert, Beuss, Bunge, Sabine, Serullas, Varley, Wheat¬ 
stone, Wiedemann, and Wright. It is difi&cult, therefore, to entirely 
avoid restatement of some of the results arrived at by these investi¬ 
gators.* I have examined the movements in relation to a variety of 
conditions, some of which, however, are unessential and may be 
eliminated or diminished. The phenomena have been found to bo 
purely physical, except in those cases where the electricity was of too 
high tension and produced electrolysis, and in those in which the- 
solution acted chemically upon the mercury. 

1. Injkmice of ike Kind and Strength of the Solution. 

The following experiments were made with the above-mentioned! 
form of apparatus, except in the iustances otherwise described. The- 
electric current employed was usually (unless otherwise stated) derived 
from two wires, one of copper and the other of platinum, each about 
1 minim, diameter, immersed about 4 or 5 millims. deep in spring- 
water. 

Kxpervment No. 1.—1 oz. of water, 40 grs. of potassic fluoride. Motion 
occurred freely, and in the same direction as the current. 

Ea)j3. 2.^— Y arious solutions of potassic chloride from 20 to 60 grs. per* 
oz. of water were tried, and in each case the movements of the mer¬ 
cury were in the same directions as those of the current; the former 
of these solutions was too weak, it offered too much conduction- 
resistance, and the latter too strong, it clogged the tube. With a 
solution composed of 1 oz, .of water and 40 grs. of potassic chloride in 

• A brief translation of the researches of Jhrgensen, Quincke, and Wiedemann, 
fee found in W. A Milleris ** Chemical Physics,” 4th edition, p. 530. 
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a tube of fine bore strong movements occurred, and 85 millims. of 
extra beigbt of mercury pressure was required to bring tbe meniscus 
back to its original position and counterbalance tbe effect of the 
current. 

Pxp, 3.—1 oz. of water and 40 grs. of potassio iodide. The direc¬ 
tion of the motion of the mercury agreed with that of the current. 
51 Tn illims . height of mercury pressure was required to balance the 
influence of the current. 

Pxp. 4.—1 oz. of water and 40 grs. of potassic bromide. All the 
results the same as those described with the chloride. The current 
required the pressure of 82 millims. height of mercury to balance it. 

Exp. 5.—1 oz. of water and 40 grs. of potassic carbonate. The 
direction of the movement of the mercury was the same as that of the 
current. The current required 83 millims. height of mercury to 
balance it. 

Solutions of cyanide of potassium were tried of various strengths 
from 10 to 100 grs. per oz. of water; the weak ones yielded feeble 
movements in the direction of the current and the stronger ones 
clogged the capillary tube. 

Exp. 6.—1 oz. of water and 33 grs. of cyanide of potassium in a 
very fine capillary. Am upward current sent the mercury down a 
long distance and out at the end of the tube. The reverse directions 
of movement obtained with solutions of potassio cyanide compared 
with those obtained with dilute sulphuric acid, in capillary tubes, 
agree with those obtained with the same liquids, and a large globule 
of mercury in an open shallow dish (see “ Proc. Roy. Soc.,” vol. 10, 
p. 235). 

Exp. 7,—^With a solution of 40 grs. of the cyanide in 1 oz. of water, 
the movement was more free than with 50 grs. of that salt. By pre¬ 
viously passing a downward current, the commencement of motion by 
the subsequent up-current appeared to be retarded. In another appa¬ 
ratus, consisting of a column of mercury about 20 centims. total 
height, with a long capillary sxmnounted by a pressure-chamber quite 
filled with mercury, and closed by a glass plug, an upward current 
caused the meniscus to move downwards slowly more than 25 milHms., 
and a downward one raised it about 8 or 10 millims. 

Exp. 8.—1 oz. of water and 50 grs. of potassic cyanide. In the fine 
part of the tube the motion of the mercury was opposite to that of the 
current, but in the coarse part of the tube I noted that it moved in the 
direction of the current.^ When the mercury dropped from the end 
of the capillary into this solution it formed chains of globules which, 
when about 2 or 3 millims. high, fell over and formed a heap like a 
pile of brambles or sticks ; the chains of globules did not break. 


* This moTement requires inrestigation. 
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Bxjp, 9.—oz. of hydrocyaiiic acid (“Sclieele’s strengthand 
40 grs. of potassic cyanide: motion feeble. The directions of motion 
of the mercnry in a capillary of wide bore w'ere the same as those of 
the current; but in one of narrow bore an upward current sent the 
mercury freely down. A downward current had but little efEect, but 
on closing the circuit, or on insulating it immediately after an 
upward current had been passed, the mercury rose instantly. 

10. —1 oz. of water, 40 grs. of potassic cyanide, and 10 grs. of 
bicyanide of mercury, formed a very good liquid. The mercury moved 
in the same directions as the current. 

11. —1 oz. of water and 40 grs. of mercuric cyanide. A current 
from copper and platinum wires in dilute sulphuric acid produced 
little or no movement, but the charge from an ebonite eleotrophorus 
(the opposite platinum wire of the electroscope being connected *‘to 
earth caused the mercury to move either up or down in the same 
direction as the discharge. 

Note ,—The electrophorus yielded electricity of much too high tension 
for use with this instrument, especially if the mercury in the capillary 
tube was the negative pole; gas then quickly collected at the meniscus 
and stopped the action. 

Bxjp, 12.—1 oz. of water and 40 grs. of mercuric chloride. This 
solution was unsuitable. 

13.—^A mixture of 7 volumes of distilled water and 3 of 
strongest aqueous ammonia. The movements were very feeble, but in 
the usual direction, both with the water-cell and the electrophorus. 
The mercury would only emerge from the end of the capillary in large 
drops, not in the usual stream of minute ones, probably in conse¬ 
quence of the small adhesion of aqueous ammonia to mercury (see 
“Adhesion of Liquids to Mercury,^’ “ Phil. Mag.,” August, 1863). 

JElxp. 14.—1 oz. of water and 40 grs. of potassic sulphate. An 
upward current sent the mercury up freely, and a downward one sent 
it down- Charging the upper electrode by the electrophorus depressed 
the mercury as usual; but charging the lower electrode also depressed 
it, and more strongly. This exceptional effect was obtained several 
times. 

15. —1 oz. of water and 40 grs. of potassic borate. The move¬ 
ments of the mercury were feeble, but in the usual direction, both 
with the current and electric discharge. 

16. —1 oz. of water and 40 grs. of acid carbonate of sodium. 
Pree movements of the mercury took place in the usual directions, 
both by the current and the discharge. 

17. —1 oz. of water and 40 grs. of sulphate of sodium. Feeble 
movements were produced in the usual directions, both by the current 
and the discharge. 

l^ajp. 18.—Dilute sulphuric acids of different strengths, varying 
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from 1 in 40 to 1 in 10. Knmerons experiments were made witli 
different forms of apparatus, botli horizontal and vertical, employing 
both the feeble cnrrent from the water-cell and the charge from the 
electrophorns. In every case the movement of the mercury was in the 
same direction as the current and the electric discharge. 

Bxp. 19.—1 oz. of water and 10 grs. of boracic acid. Feeble move¬ 
ments occurred in the usual directions with the voltaic current; but 
charges from the electrophorus, whether applied to the upper platinum 
wire or to the lower one, depressed the meniscus freely. (Compare 
Exp. 14.) 

Pxp, 20.—^With strong aqueous acetic acid feeble effects only were, 
obtained, either with the water-cell or electrophorus, but the move¬ 
ments were in usual directions. 

Bxp, 21.—1 oz. of water and 75 grs. of racemic acid. Hather feeble 
movements, but in the usual directions, were obtained, both with the 
current and the discharge. 

Bxp. 2*2.—Alcohol. Ho visible movement was produced by the cur¬ 
rent from the water-cell, and only a very feeble downward one, by 
charging the upper electrode with the electrophorus. 

Bxp. 23.—1 oz. of water and 5 grs. of sodio hyposulphite. The 
solution was too dilute and was otherwise unsuitable. 

Bxp. 24.—1 oz. of water and 5 grs. of ammonic alum. Source of 
current, the water-cell. The movements were very feeble, but in the 
usual directions; and the downward movements were much more quick 
and were larger than the upward ones. With 10 grs. of the salt per 
ounce the movements were more free, but the solution was still too 
dilute. 

Bxp. 25,—1 oz. of water and 5 grs. of potassic sulphite. The effects 
were exactly the same as with the weakest solution of ammonic alum. 

Bop. 26.—1 oz. of water and 40 grs. of sulphate of zinc. Free move¬ 
ments occurred in the usual directions. 

In the following experiments a drop of dilute sulphuric acid had 
been previously added to the exciting solution of the voltaic cell. 

Bxp. 27. —1 oz. of water and 40 grs. of cupric sulphate. Similar 
results occurred to those with the zinc salt. Ho signs of deposited 
copper or of viscosity of the meniscus were produced by the upward 
current. 

The following solutions were also tried:—^1 oz. of water as the 
solvent, and 40 grs. of the solid were employed in each case; ammonia 
alum; potassic sulphite; potassic sulphocyanide; potassic ferro- 
cyanide; glacial phosphoric acid; sodic nitrate; potassic nitrate; 
ammonic nitrate; and sodic chlorate. Movements in the usual direc¬ 
tions occurred in every instance, and no special phenomena were 
observable. A solution of 40 grs. of potassic ferrid-cyanide produced 
a film upon the mercury. 
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An these experiments show that the movements are greatly affected 
both by the kind and strength of the solution. 

2. Influence of the Belative Dimensions of the Mercurial Surfaces, 

In order to ascertain whether the movements were dependent upon 
the circumstance that the mercurial surfaces were of 7ery unequal 
dimensions, I immersed the extremities of the capillary ends of two 
vertical electroscopes (of the form I have usually employed) in a 
solution of 40 grs. of glacial phosphoric acid in 1 oz. of water, with 
about 10 millims. in length of the capillaries filled with that liquid. I 
then passed a current (from a large cell of copper and platinum plates 
in town water) down one capillary tube and up the other; the meniscus 
descended in the former and ascended in the latter, and in each instru¬ 
ment the motion was just as free as if one of the electrodes had a large 
surface. 

I also passed a current through a short column of mercury in a 
vertical capillary glass tube between two portions of conducting solu¬ 
tion in contact with platinum wires. With a solution of 40 grs. of 
potassic. chloride in 1 oz. of water, both below and above the mercury 
in a tube of fine bore, and a current derived from the copper and 
platinum wires immersed in a mixture of 1 volume of sulphuric acid 
and 19 of water, the mercury moved by a jerk in the direction of the 
current. To ascertain whether electro-dynamic induction affected the 
motion in this experiment, I included in the circuit one wire of a double 
coil of about 1,800 turns of insulated copper wire (“ Ho. 29 ”), wound 
upon an iron axis, and closed the secondary circuit. The motion of the 
mercury was diminished. 

The various experiments in which a short column of mercury was 
between liquids, such as dilute sulphuric acid, solution of potassic 
chloride or cyanide, in a horizontal capillary, a stronger current was 
required to move it than when it was in the form of a long column in 
the usual vertical instrument; it also moved by jerks and only a small 
distance. A reason why a column of mercury between portions of 
aqueous solution in a capillary tube of the usual diameter, required a 
current of greater electromotive force to move it, was probably because 
the longer total length of the slender column of solution offered much 
greater conduction resistance. 

With a solution of 1 oz. of water, and 83 grs. of cyanide of 
potassium at each end of a column of mercury about 25 millims. long 
in a coarse and horizontal capillary tube, with platinum electrodes, 
and a much stronger current from the copper and platinum wires 
immersed in a solution composed of 60 grs. of cyanide of potassium 
and 1 oz. of water, the mercury moved to and fro, each way about 2$ 
mil l i ms., and in reverse directions to those of the current. The mer¬ 
cury would not move by the influence of a current from the same 
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wires excited "by a mixture of 1 volume of sulphuric acid and 19 of' 
water. I ascertained by experiment that the former current had the 
greatest electromotive force. 

1 oz. of water and 40 grs. of potassic cyanide, and a current from 
copper and platinum wires in the solution of cyanide (60 grs. per oz.) 
above mentioned. With a short length of mercury in a horizontal 
tube less coarse than the last, the mercury moved in each direction 
opposite to the current a distance of about 13 millims. 

Also by employing a platinum electrode without any mercury upon 
it, below the vertical capillary, all the movements occurred as usual.- 
These latter experiments prove that the lower electrode need not be 
composed of a fluid metal, and therefore that I might have omitted to 
make the previous one respecting the influence of relative dimensions 
of the two mercurial electrodes. 

3. Influence of Molecular Structure, Cohesion, Liquidity, Viscosity, and 
Pressure upon the Movements. 

That the molecular structures of the mercury and solution afiect 
the phenomena is quite certain, because we know that the physical 
properties in general of substances depend essentially upon theiir 
internal architecture; the intimate structure of bodies, however, is so 
inscrutable, that investigation has not yet disclosed it clearly to us. 
As a solid metal in place of the mercury will not admit of either of 
the movements, the molecular motion in each liquid is a relative one; 
the motion of the one liquid depends upon the liquid state of the 
other. The movement is also dependent upon the kind of molecular 
structure of the solution; 1st, because it varies in direction with a 
variation in the kind of solution: and 2nd, because it varies also with 
a variation of strength of the solution; and in each case without any 
evidence of chemical or electro-chemical action. 

Cohesion of the mercury influences the movements, and tends to 
cause that substance to move more readily from a narrower to a wider 
part of the tube than in the reverse direction. 

As the liquid state of the lower electrode was not a necessary con¬ 
dition of the motions, the movement of one electrode is not at all 
dependent upon a similar movement of the other. A single liquid 
electrode is sufficient to exhibit all the phenomona. Fused salts^ 
might probably be used with success, instead of aqueous solutions. 
(See Movements of Liquid Metals and Electrolytes in the Yoltaic 
Circuit,” “ Proc. Eoy. Soc.,” vol. 10, par. 10.) 

The movement was constantly found to diminish as the viscosity of 
the solution was increased beyond a certain point, by addition of 
saline or other solid or viscous substance. Pressure probably has but 
little influence, because liquids are so slightly compressible. 
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4. delation to Immiscibility of the Liquids, 

Is it a necessary condition of tlie movements tliat tlie two liquids 
must be incapable of mixing with each other ? In the year 1859 
(see “ Proc. Poy. Soo.,’* vol. 10, p. 235, par. 9) I made some ex¬ 
periments bearing upon this question: “1st, a definite layer of oil 
of vitriol was placed beneath a layer of distilled water weakly acidu¬ 
lated with, sulphuric acid, and the terminal wires (from a voltaic 
battery) immersed in the upper liquid; no visible movements 
occurred at the boundary line of the two liquids*; 2nd, a dense solution 
of cyanide of potassium was placed in a small glass beaker, a few 
particles of charcoal were sifted upon its surface, -and a layer of 
aqueous ammonia half an inch deep carefully poured upon it. A 
vertical diaphragm of thin sheet gutta-percha was then fixed so as 
completely to divide the upper liquid into two equal parts ; the vessel 
was placed in a strong light, and two horizontal platinum wire 
•electrodes from sixty-six pairs of freshly charged Smie’s cells im¬ 
mersed one-eighth of an inch deep in the liquid ammonia on each 
side of the diaphragm. A copious current of electricity circulated, 
but no movements of the liquids at their mutual boundary line could 
be detected. A small globule of mercury placed in the lower liquid 
at once produced evident signs of motion.” 

1 . 
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In order to test in a more searching manner whether during the* 
passage of an electric cnrrent movements occnr at the boundary 
surfaces of two liquids which are miscible with each other, similar to 
those which take place at the mutual surfaces of a liquid metal and 
electrolyte; and also to ascertain whether any translation of the mass 
of an aqueous solution occurred similar to the bodily movement of 
the mercury, I employed the following apparatus (see fig. 1). 

A is a thick glass cup about 4 centims. wide and 10 centims. high, 
having an accurately and tightly-fitting horizontal division of gutta¬ 
percha B; also a similarly well-fitting vertical one 0. D and E are 
electrodes of sheet platinum. F and G- are thin glass tubes about 
10 millims. high, and 3 millims. diameter, open at both ends, and fixed 
liquid-tight in holes in B. H is a plug of beeswax. 

In preparing to use this apparatus, the division B was first fixed in 
water-tight, the space below it filled with a nearly saturated aqueous 
solution of cupric nitrate, and the plug H inserted; the height of liquid 
being adjusted so as to be about half way up the glass tubes. Corks 
fixed upon the ends of platinum wire were now placed in the tubes. 
The glass vessel was then nearly filled with a mixture (at 60° F.) of one- 
measure of sulphuric acid and 10 of water; the electrodes immersed ; 
the division C inserted and made as water-tight as possible; and the 
corks removed very carefully. 

An electric current from a single series of five or six Grove’s 
elements of one pint capacity each being now passed through the 
liquids, the cupric solution appeared to descend slowly in one tube, 
and ascend in the other, moving in the same direction as the positive 
electricity, and occupying a period varying from five to twenty 
minutes for the movement. As the phenomena observed in this 
kind of experiment were considerably different from those observed 
with mercury in capillary tubes, I have made a separate examination 
of them under the title of “ The Influence of Voltaic Currents on the 
Diffusion of Liquids” (“Proc. Roy. Soc.,” vol. 31, p. 250). As also 
I could not readily obtain definite lines of separation of two miscible 
liquids in tubes of as small a diameter as those employed with 
mercury, I have been unable to solve as satisfactorily as I could have 
wished the question whether perfect immiscibility of the liquids is 
a necessary condition of the movements of the mercury in such ex¬ 
periments ; Herschel stated (“Phil. Trans.,” 1824, p. 189) that it is. 

5. Belation of the Movements to the Vohme cmd Specif c Gravity of the 

Mercury, 

In order to ascertain whether the whole of the mercurial column 
moved in the direction of the motion of the meniscus, or expanded and 
contracted coincident with the advance and retreat of that surface, I 
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inad6 experiments *witli a series of different capillary electroscopes in a 
horizoTdal position, taking care to remove an additional part of tke 
apparatus in eacL. successive experiment:— 

The first electroscope (No-* 1) consisted of two similar capillary 
tubes, inserted in two pressure-cbambers, connected together in a 
direct line by a long straight glass tube of narrow bore, each chamber 
being provided with a platinum wire terminal. The chambers, con¬ 
necting tube, and capillaries were filled with mercury; air was ex¬ 
cluded, and the ends of the capillaries were, immersed as usual in 
'dilute sulphuric acid containing electrodes of mercury. In the second 
apparatus (Ro. 2) the intermediate glass tube was removed, and a 
single pressure-chamber, 60 centims. in length (with a platinum wire 
at each end), was used in its stead. In a third (Ho. 3), the chamber 
was reduced to a length of about 8 centims., and had a platinum wire 
at each end. In a fourth (Ho. 4), the chamber was removed altogether, 
and the central tube and capillaries were formed of a single piece of 
glass, the middle part being about 4 centims. long, of the usual 
diameter and bore, and having a fine wire of platinum sealed into it as 
an electrode. 

I also made experiments with a series of electroscopes in a verticdl 
position, each- successive apparatus being increasingly simple, and 
each closed at the upper end and perfectly filled with mercury, except 
the lower end containing the electrolyte. 

The first (Ho. la) consisted of the capillary (dipping as usual into 
dilute sulphuric acid with a mercury electrode), short pressure-cham¬ 
ber, and a long glass tube above it, closed at the top by a thick india- 
rubber tube and a strong pressure-clip. In the second (Ho. 2a), the 
long glass tube was dispensed with, and the upper end of the pressure- 
chamber was closed by a glass plug. In the third (Ho. 3a), the 
chamber was excluded, the platinum wire electrode being melted into 
the side of the large part of the glass tube, and the upper end of that 
tube drawn out to a fine point, and closed by melting sealing-wax 
whilst mercury was exuding from it. The fourth (Ho. 4a) was 
similar to the third, except that the upper end was closed by fusing a 
part of the fine tube itself whilst it was filled with mercury. And in 
a fifth (Ho. 5a), the bulky portion of the glass tube was dispensed 
with by fixing an ex-tremely fine platinum wire in the somewhat 
larger and upper part of the capillary by fusion. 

In all the experiments made with these different instruments, 
whether horizontal or vertical, the electrolyte* used was a mixture of 
1 volume of pure sulphuric acid and 14 of water, and the voltaic 
current employed was that adready mentioned (see p. 86). In each of 
the experimen-ts with them the mercury moved in the same direction 
^ ihe current, whether that was towards the point of the capillary 
tube or the reverse. In many of the experiments a charge from an 
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ebomte electropboms was nsed as tbe source of electricity, and in these 
cases also the mercury moved in the direction of electric discharge. 
With the horizontal electroscopes (all of which were open at both 
ends), the mercury only moved at that end at which the cnrrent or 
discharge passed; but if the current or discharge passed at both ends 
simultaneously, then the mercury moved at both ends simultaneously, 
whether the electric flow was from end to end, from both ends to 
middle, or from middle to both ends (provided it was free to move), 
and the directions of the motion in the two ends agreed with the 
above general statements. 

In these various experiments the amount of capillary movement 
with a given current did not appear to vary greatly with the total 
bulk of mercury in the entire apparatus. 

The displacement of volume of the mercury being so extremely 
small, it may be accounted for on the supposition that minute traces 
of air (not visible by means of an eye-glass) adhere to the sides even 
of the smallest and most perfectly prepared tubes; and when by the 
action of the current or discharge, the meniscus is caused to approach 
the capillary orifice, these minute portions of air become rarefied. 
This view is supported by the facts, that traces of air are con¬ 
tinually observed in the capillaries, and also that when the appa¬ 
ratus was reduced to its simplest form and smallest size, as in 15’o. 5a, 
the motion of the meniscus appeared to be somewhat less free. 

Prom these results, I consider it improbable that the movements 
are to any large extent attended by a change of volume of the 


6. Influence of Adhesion^ Capillarity, and Surface Tension. 

In a paper “ On the Adhesion of Liquids to Mercury ” (“ Phil. 
Mag.,” vol. 26, 1868), I have stated that “if a drop of l^ordhausen 
sulphuric acid, about one-tenth of an inch in diameter,.is carefully 
placed by means of a glass rod upon the centre of a clean globule of 
pure mercury, about 80 grs. in weight, it instantly difcses itself in 
a thin film over the ,^'urface of the metal, and the mercury becomes 
flattened, and exhibits vertical movements all over its surface; but if 
the experiment is Anade with a strong aqueous solution of ammonia or 
of caustic potas!^, no such results occur, the alkaline solution contracts 
itself into a spherical form, and persistently floats to the side of the 
mercury witfcoub spreading itself over the surface.” 

This circuiinstance, viz., the small adhesion of aqueous ammonia to 
mercury, ^ probably connected with another already mentioned (see 
p. 88), viz., that when the mercury was caused to flow out of the end 
of the Ciapillary tube into a solution of ammonia, it would only emerge 
in lar^e drops instead of the usual stream of minute ones. Difference 
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of degree of adhesion of different solutions to mercuiy, however, will 
not hy itself account for the movements. 

Further, it is well known that if a drop of water is placed upon a 
horizontal surface of mercury, and an electric current passed from the 
mercury into the water, the two liquids spread out, whilst if the cur¬ 
rent is reversed the water contracts, as if in the former case the 
adhesion between the two substances was increased, and in the latter 
decreased; and various interpretations have been given of these 
phenomena (see Sabine, “ Phil. Mag/’ vol. 2, 18?6, Supp., “ On 
Electricity disengaged between Mercurial Surfaces ”; section 2). I 
have repeated this experiment: 1st, with dilute sulphuric acid, the 
effects were the same as with water; 2nd, with a solution of potassic 
cyanide and a downward current the solution spread out, and with an 
upward current no such effect was manifested; and 3rd, with one of 
potassic carbonate the solution spread out, both with an upward cur¬ 
rent and with a downward one, most with the former. These changes 
of adhesion of liquids to each other by electric influence cannot alone 
produce the to-and-fro movement in the electroscope, because no 
action between two bodies could cause both of them to simultaneously 
advance or retreat together in the same direction. 

These apparent changes of adhesion of liquids to each other by the 
influence of electric currents are, however, essentially similar to the 
phenomena under consideratioB, and agree with the chief and wider 
truths of electrolysis, viz., that when a metal is made positive to a 
liquid by the passage of an electric current from the former into the 
latter, there is usually excited a tendency to union of the two bodies ; 
and that, when made negative by a current, an opposite tendency is 
excited. They also agree with the fact that if, whilst mercnry is 
slowly issuing from the end of the electroscope into a solution, the 
mercury is rendered positive to the liquid by tbe passage of an electric 
current, the rapidity of flow of the metal i usually increased, while, if 
it is rendered negative, the flow is usually decreased. The degrees of 
rapidity of flow of mercnry from the end of a capillary glass tube into 
different electrolytes, with and without the mmnltaneous passage of 
an electric current, might form a subject of investigation. 

That the pheuomena of the electroscope are largely affected by the 
adhesion of the liquids to the tubes, especially when the movements of 
the liquids take place in capillary tubes of extremely small diameter, 
does not admit of doubt, because the magnitude of the surfaces of 
adhesion then* bear a larger proportion to the mass of the liquid in the 
capillary. It is well known that some of the most fundamental pro¬ 
perties of liquids are changed whilst under the influence of adhesion 
in capillary spaces. For instance, Melsens found that, notwithstanding 
Mie great volatility of bisulphide of carbon when alone, it ^required 
m<®e than an hour to expel 2 or 3 cub. centime, of that liqnhj from 
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a mixture of 30 grms. of charcoal and 23 cub. centims. of the 
sulphide contained in a glass tube immersed in boiling water (see 
“Phil. M^.,’’'July, 1877, p. 43). 

It is evident also that the movements must be greatly affected by 
the relative degrees with which each of the liquids adhere to the 
containing tube, and it is not improbable that as the aqueous solutions 
adhere to the glass tube and the mercury does not, the latter yields to 
the moving influence to a very much greater extent than the former, 
and that the motion is chiefly (if not wholly) produced through the 
agency of the adhesion of the solution to the tube, and not so much 
through that of the mercury. 

Although the motion is frequently prevented by adhesion of the 
mercury to the tube, it is not caused simply by diminution of that 
adhesion whilst under the influence of the current, because if that did 
occur, it could only operate by allowing some dynamic cause to produce 
the motion. 

The evidence with regard to adhesion supports the hypothesis that 
the motion is primarily due to a direct mechanical action at the 
immediate surfaces of contact of the mercury and solution, producing 
movements of solution and mercury in directions agreeing with those 
in the annexed figures f and the to-and-fro movement of the mass is 

Fio. 2. 


In KCy solution. 



In dilute sulphuric acid. 



a secondary circumstance, arising from the former in consequence of 
the greater adhesion of the solution than of the mercmy to the tnbe. 

* The repulsive aetion being usually at the negative pole in liquids, is a 
fact to the molecular repulsion of highly rarefied gases at the negative electrode in 
Mr. Crookes’s experiments. 
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The mecliaiiical law of action and reaction of equal and opposite forces 
also requires the primary movements of the mercury and solution to 
he in opposite directions. If this hypothesis is correct, the unequal 
adhesion of the mercury and solution to the glass is a necessary con¬ 
dition of the simultaneous advance of the two liquids in the same 
direction. If the tube was as free to move as the liquids, it would of 
course move in an opposite direction to them. The number of physical 
actions, however, involved in the case is probably much greater than 
is represented by the above explanation. 

Herschel observed that “ the peculiar action is only exerted at the 
common surface of the fluids; ” and nearly all the evidence supports 
the conclusion that it is primarily an action of films and not of the 
mass of mercury or of solution within the capillary tube. 

Even when during the passage of a current, the column of Hqrdd is 
prevented by adhesion from rising or falling in the capillary tube, 
there is probably a motion occurring in the contiguous portions of the 
mercury and solution, though not usually visible even by the aid of a 
microscope. 

Armstrong’s experiments (“Phil. Mag.” vol. 23, 1843, pp. 194~ 
202) also indicate that the movement of the mercury is affected by an 
action of adhesion between the surface of the liquid and glass within 
the tube, because in his experiments, when the silk thread, acting 
as a fulcrum, was removed, the amount of liquid flowing in one 
direction was equal to that flowing in the other, and there was no 
manifest transfer of the mass. 

In all cases with a globule of mercury in a pool of liquid, the outer 
film of mercury and the film of liquid in contact with it appears to 
move in the same direction; the mass of the liquid, and also that of 
the interior of the mercury, must, therefore, of necessity, move in a 
direction opposite to that of the films (compare Herschel, “ Phil. 
Trans.” 1824, p, 165), 

The opposite movements obtained with dilute sulphuric acid and 
with solution of potassic cyanide might also be explained on another 
supposition, viz., that one of these liquids adheres more strorigly, and 
the other hm strongly, than mercury to glass; but this does not appear 
to be a fact. 

Although the phenomenon of to-and-fro motion appears to be 
^entially due to a combination of surface actions, it is not confined 
entirely to capillary spaces, the motion (as is well known) takes place 
as readily with a large globule of mercury in a pool of liquid as in a 
capillary tube. (See also “ Movements of Liquid Metals and Electro¬ 
lytes in the Yoltaic Circuit,” “ Proc. Hoy. Soc.,” vol. 10, par. 35.) 
The to-and-fro movement, in the case of a globule of mercury in a 
pool of liquid, is dependent upon the circumstance that the solid 
surface of the containing vessel, upon which the mercury and film, of 
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solution beneatli it lie, constitutes a fnlcrum upon wHcli the moving 
layers of liquid mechanically act- If it were possible to suspend the 
mercury in the midst of a large mass of a liquid electrolyte of its own 
specific gravity, the effects would probably be greatly modified, and 
there would be very little translation of the mass of mercury (com¬ 
pare Herschel’s paper, section 10, p. 16?). 

In the experiments by Armstrong, also those of Quincke and Jiir- 
gensen, of the mechanical transfer of liquids by the passage of electric 
currents through slender columns of them in tubes, the axial portion 
of the liquid was observed to move in an opposite direction to the 
outer layer.. This inner moving portion, or that farthest away 
from the surfaces of adhesion, may be regarded as the return current. 

It is generally considered that the surface layer of particles of 
every solid and liquid is in a state of mechanical tension, and con¬ 
sequently that every mass of such substance, even that which is only 
of microscopic magnitude, may be crudely viewed as being bounded 
by a more or less tightly-fitting envelope. This circumstance also 
appears to be related to the phenomenon of motion of the mercury. 
The surfece tension of that metal appears to be lessened at the 
positive mercurial electrode, and increased at the negative one in 
nearly all electrolytes. As there is also a surface tension of the liquid 
as well as that of the mercury, the primary motion is probably a 
resultant of the two. According to this view there exists two modes 
by which an electric current may vary the surface tension of a con¬ 
ductor in contact with an electrolyte, the one being attended by 
electrolysis, and the other not. If it were simply a result of diminu¬ 
tion of surface tension of the mercury by the passage of an outgoing 
current, then it ought not to vary in direction by variation of liquid, 
strength of liquid, or diameter of tube. 

As adhesion influences so greatly the action of the instrument, 
perfect freedom from dust is a most important condition of success, 
and the most effectual way. of securing this is to insert the capillary, 
tube in the pressure-chamber as soon as it is made, and fill it at once 
with clean mercury. Multitudes of points of adhesion are met with in 
tubes which have long been open to the atmosphere. The pressure 
tube should also be completely freed from dust by previously agitating 
successive portions of mercury in it. Dust, not moisture, is the great 
source of failure. Adhesions of the mercuiy do not usually interfere 
unless they happen to be within the range of movement of the 
meniscus. 

The influence of friction I have not examined; it plays, however, 
an important part in.the practical use of the instrument. 

7. MelatioTis of the Movements to Seat and Temperature. 

As heat, applied to the junction of mercury and an electrolyte, 
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produces an electric current, it is reasonable to infer tbat an electric 
current passed through, such a junction in the same direction as the 
one produced, would tend to lower the temperature. And as it is 
well known that both the cohesion of liquids and their elevation are 
diminished by rise of temperature, it is probable that the electric 
current, by producing a minute change of temperature at the junction, 
affects to a slight extent the capillary elevation. By comparing, how¬ 
ever, the directions of the electric currents obtained by heating 
mercury in contact with various solutions which exercise no chemical 
action upon it (see “ Thermo-Electric^Behaviour of Aqueous Solutions 
with Mercurial Electrodes,” “ Proc. Roy. Soc.,” vol. 29, p. 472), with 
the directions of movements produced by given directions, of electric 
currents in the same solutions in these experiments, it maybe perceived 
that they do not to any large extent coincide. 

That the mercury should also conversely suffer slight changes of 
temperature by electro-capillary action, is in accordance with the 
discovery made by Pouillet (“ Ann, de Chemie et de Phys.,” vol. xx, 
1822, pp. 141-162), that heat is evolved by the capillary absorption of 
liquids by solids; and with the experiments of Jungk (“Phil. Mag.,” 
vol. 2, 1876, p. 454; and “Pogg. Ann.,” voL cxxv, p. 292), and 
further, with those of Melsens, who states that by mixing 4*45 grms. 
of charcoal and 33 of bromine, the rise of temperature was 35® 
(“Phil. Mag.,” vol. 2, 1876, p. 454; also “Mem. de lAcad. Royal de 
Belgique,” vol. xxiii). 

The movement is evidently not caused by heat of conduction 
resistance, because that would produce expansion and advancing 
motion only. If also the motion is simply due to thermic expansion, 
then heat of chemical combination at the anode in cases of electrolysis 
in the capillary ought to cause the mercury to move downwards, but 
with solutions of potassic cyanide it moves the reverse. The relations 
of electro-capillary movements to heat require, however, much more 
^investigation. 

8. Relations of the Movements to Electric Conditions, 

The phenomena of the capillary electroscope are not results of 
electrolysis, nor of disruptive discharge, but of conduction proper, 
and may occur either with or without electro-chemical change. In 
nearly all previous investigations of the electric movements of mer¬ 
cury, very much stronger electric currents were employed, and the 
r^ults were complicated by electrolytic phenomena. That electro¬ 
lysis, when it does occur, is only a coincident circumstance, is proved 
1^ the non-liberation of hydrogen at the meniscus when that surface 
is made negative in dilute sulphuric acid and in various other 
solutions; also, by the mercury at the meniscus not becoming viscid 
when made the negative pole in a solution of cupric sulphate (see 
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Exp. 2 ^ 0 . 27); an'd furtlier, "bj tlie surfaces of tlie meniscus not 
becoming oxidised wben made tbe positive pole in either of the 
various solutions usually employed; provided in all these cases that 
ordinary chemical action is absent and that the current is sufficiently 
weak. 

The reverse directions of movement produced by the same direction 
of current in dilute sulphuric acid and in solution of potassic cyanide, 
probably cannot both be explained by the theory that the movements 
are due to electro-chemical exidation and deoxidation. The upward 
movement caused by a downward current can hardly be due to electro¬ 
lysis, because that action, by continually destroying the outer film of 
mercury, tends to diminish its surface tension. 

Being largely dependent upon electric conduction, the amount of 
movement of the mercury is affected by every circumstance which 
alters the conductivity. The part of the circuit which offers the 
greatest amount of conduction i^istance is the slender column of 
solution between the meniscus and the end of the capillary tube; 
there the resistance is considerable. The nearer, therefore, the 
meniscus is to the end of the tube, and the shorter the column of 
solution (as well as that of the mercury), the more rapid is the move¬ 
ment, especially if the tube is slightly larger in diameter towards thab 
end; this circumstance also tends to make the downward movement 
an accelerated one, even in a tube of uniform diameter, and the 
upward movement the reverse; and also accounts for the fact that the 
instrument is more sensitive to a downward current than to an up¬ 
ward one, unless the tube becomes narrower downwards at too rapid a 
rate. 

The secondary current of an induction coil was not suitable for 
working the instrument, because it produced electrolysis. On many 
occasions an electrophorus was used as the source of electricity, and 
this also produced a similar effect. On charging the electroscope 
with it, either by induction or by contact, the movements were freely 
produced, provided the electroscope was not insulated. If it was 
perfectly insulated the movements did not occur, and i£ it was 
imperfectly insulated and then charged hj momentary contact, the 
mercury contiaued to run out at the end of the capillary tube after 
i^moval of the electrophorus, and ceased to flow by discharging the 
instrument. 

I made a capillary tube in accordance with the annexed sketch, 
with a pressure tube A, and a platinum wire electrode Pt; and filled 
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it witli mercury whilst in a horizontal position; then melted it off at 
the point B by means of a minnte flame; broke it oS at 0, and fixed 
it vertically with its end C in dilute sulphuric acid above an electrode. 
IlTot a trace of air was visible in any part by the aid of a strong 
magnifying glass. By charging the npper electrode by induction with 
an electrophorns, the mercnry descended freely; and by charging the 
lower one it ascended, provided the free end was not insulated. The 
motion of the mercury, therefore, is evidently not produced by mere 
electric charge but requires electric fl.ow. 

Even a residual electric charge of the ebonite base of the reverser 
(see Proc. Eoy. Soo.’* vol. 30, p. 32) at the surfaces of contact of 
that substance with the brass fittings which had been connected 
with the poles of the nearly exhausted Httle water-cell was suf¬ 
ficient to work the instrument. Also a voltaic current which raised 
the meniscus 19*5 millims. would not produce a visible movement of 
the needle of a torsion galvanometer having a coil of 100 ohms 
resistance. These facts illustrate the extreme sensitiveness of the 
instrument to electric flow of the feeblest tension; and the apparatus 
might be used for examining the conductivity proper of electrolytes. 

Prom the results achieved by Quincke (“ Pogg. Ann.,” vol. cxiii, 
*1861), and by Jurgensen (Reichert and Du Bois Reymond’s “Ar- 
chiv,” 1860, p. 573; also “Chemical Physics,’’ by W, A. Miller, 
4th Edition, pp. 530-533), and the various results obtained by myself, 
I conclude that the primary mechanical movement in the instrument 
is due to a more or less charged electric state of the surfaces of the 
liquids and tube. The electric tension accompanymg that state alters 
the degrees of adhesion of the substances to each other, and produces 
electric convection, which, in consequence of the unequal adhesion of 
the solution and mercury to the tube, produces a to-and-fro movement 
of the mass. The less fundamental results, such as reversal of 
direction of movement with solutions of potassic cyanide, or with 
tubes of different diameter, would probably be found to be necessary 
r^ults of the above causes under the altered conditions. A brief 
franslation of Quincke’s explanation of somewhat similar phenomena 
may be found in W. A. Miller’s “Chemical Physics,” 4th Edition, 
p. 532. 

The primary action appears to consist nearly wholly of a direct 
conversion of electricity into mechanical power; and this accords 
with the great sensitiveness of the instrument and the comparatively 
considerable force of the movements. This force has been already 
applied by Lippmann in the construction of an electro-capillary engine. 
The converse action, viz., the production of electric currents by 
meehani@ii% md Jowering mercury and an acid solution in 

e^iliary hm obtained hj (“Phd. Mag.,” 

vol.47,»Kr4F^l)- 
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9. Influence of Chemical Action, 

The movements do not appear to depend upon the chemical nature 
of the solntion, hecanse they take place equally well with acid, 
alkaline, and nentral liquids. Being also purely physical, they are not 
dependent upon chemical action; such action, when it does occur, 
appears in every case to interfere with them. 

Note ,—Since the publication of a previous communication On the 
Capillary Electroscope” (“Proe. Roy. Soc.,” vol. 30, p. 32), I 
have been favoured by M. Lippmann with the following remarks 
respecting that instrument. “ 1st. The liquid is to he diluted sul¬ 
phuric acid, containing something like one-third its weight of sul¬ 
phuric acid. Weak acid does not film glass properly; most liquids 
do not; and then stoppages, or a jumping motion of the mercury, 
occur, such as you have described. 2nd. The capillary tube is to be 
cut very short (to about 10 millims.), the motions are in that case 
ten times more rapid than in a tube of 10 centims,, because the 
friction is reduced in that proportion; besides, possibilities for 
obstruction are reduced also in the same proportion. 3rd. The 
instrument is only fit for measuring electromotive forces smaller than 
one Daniell; by using over-great electromotive forces the capillary 
constant goes ov^r its maximum value, and then the movement of the 
mercury is reversed as you noticed it to be the case at the end of your 
communication (see, about this maximum, ‘Ann. ChimieetPhysique,’* 
1875, and also 1877). If you will do me the pleasure of visiting 
M. Jamin’s laboratory in the Sorbonno, you will find there several 
electrometers in good working order; three of these are being used 
by different observers for separate researches, with a precision of 
Daniell.” 


Tor.. XXXII. 
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May 5,1881. 

THE PRESIDENT (follo'wed by THE TREASURER) in tlie 

Chair. 


The Presents reoeiyed were laid on the table, and thanks ordered 
for them. 

In parsnanoe of the Statutes, the names'of Candidates recommended 
for election into the Society were read from the Chair, as follows: 


Ayrton, Prof. William Edward. 
Bates, Henry Walter. 

Bristowe, John Syer, M.D., 
P.R.C.P. 

Christie, William Henry Mahoney, 
M.A., Sec. R.A.S. 

Dickie, Prof. George, A.M., M.D., 
E.L.S. 

Kempe, Alfred Bray, B.A. 
Macalister, Prof. Alexander, M.D., 
Sec. R.LA. 

The following Papers were read 


McLeod, Prof. Herbert, E.I.C., 
E.C.S. 

Phillips, John Arthnr. 

Preece, William Henry, C.E. 
Samnelson, Bernhard, M.I.O.E, 
Stoney, Bindon Blood, M.A., 
M.I.O.E. 

Traqnair, Ramsay H., M.D. 
Watson, Rev. Henry William, 
M.A. 

Wright, Charles R. Alder, D.Sc. 


I. ‘^Ontihe Determination of the Ohm in Absolute Measure.'^ 
By Lord Rayleigh, F.R.S., and Arthur Schuster, Ph.D., 
F.R.S. Received April 12,1881- 

Part I.— By Lord Rayleigh. 

It is generally felt that considerable uncertainty still attaches to the 
iml value of the ohm, or British Association unit of resistance. The 
ohm was constructed to represent 10^ C.G.S. absolute units, but 
according to Kohlrausch* it is nearly 2 per cent, too great, and 
according to Rowlandf nearly 1 per cent, too small. On the other 
hand, H. WeberJ has obtained by more than one method results very 
nearly in harmony with those of the British Association Committee. 
Induenced partly by the fact that the original apparatus (though a 
good de^ out of repair) and the standard cods themselves were in 

* “ PML Mag.,** dvii, p. 294,1874. 

+ Amerfcan Joumsi of Science and Arts,” 1878. 

j » Phil. Mag.,” V, p. 30,1878. 
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CavendisL. Laboratory, I determined last June to repeat tbe 
measurement by tbe method of tbe Committee, which has been 
employed by no subsequent experimenter, and sought permission from 
the Council of the British Association to make the necessary altera¬ 
tions in the apparatus. In this way I hoped not merely to obtain an 
independent result, but also to form an opinion upon the importance 
of certain criticisms which have been passed upon tbe work of the 
Committee. 

The method, it will be remembered, consists in causing a coil of 
insulated wire, forming a closed circuit, to revolve about a vertical 
axis, and in observing the deflection from the magnetic meridian of 
a magnet suspended at its centre, the deflection being due to the 
currents developed in the coil under the influence of the earth’s 
magnetism. The amount of the deflection is independent of the 
intensity of the earth’s magnetic force, and it varies inversely as the 
resistance of the circuit. The theory of the experiment is explained 
very fully in the reports of the Committee,* and in Maxwell’s 
“ Electricity and Magnetism,” section 763. For the sake of distiact- 
n^, and as affording an opportunity for one or two minor criticisms, 
a short statement in the original notation will be convenient:— 

H=horizontal component of earth’s magnetism. 

<Y= strength of current in coil at time t. 

Gr=total area inclosed by all the windings of the wire. 

ttj=angular velocity of rotation. 

^=:aji== angle between plane of coil and magnetic meridian. 

M=: magnetic moment of suspended magnet. 

^=:angle between the axis of the magnet and the magnetic 
meridian. 

K=mimetic force at the centre of the coil due to unit current 
in the wire. 

L=coefficient of selE-induction of coil. 

Bi=resistance of coil in’absolute measure. 

MHt=: force of torsion of fibre per unit of angular rotation. 

The equation determining the current is— 

L^-j-B/yrzzHG-wcosai+MKtt^cos (&>i—0) . . . (1), 

at 

whence 

cos e+L« sin 9) 

-f EIM(Ec<^ (^—^)-bLAisin (^--0))} . (2). 

* Coiledied in one Tolume. Londmi, 1873*. 

I 2 
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If L were zero, or if tlie rotation were extremely slow, the current 
would (apart from KiM) be greatest when the coil is passing through 
the meridian. In consequence of self-induction, the phase of the 
current is retarded, and its maximum value is diminished. At ther 
higher speeds used by the Committee, the retardation of phase 
amounted to 20°. 

To find the effect of (2) upon the suspended needle, we have to 
introduce MK and the resolving factor cos (^*—0), and then to take 
the average. This, on the supposition that the needle remains on the 
whole balanced at 0, must be equal to the force of restitution due 
to the direct action of the earth’s magnetism and to torsion, ^.e., 
MH sin 0 +MHt 0. Thus— 

G-H(E cos 0+Wsin 0) + E1£E} -MH(sm 0 +t 0) =0. 

In the actual experiment ris a very small quantity, say 5 ^ind the 
distinction between t 0 and r sin 0 may be neglected. 

B, 3 -B 2 ^?" ^ Clsec0)+W -=0 . . (3). 

l-f'T' \ GrH / 1 + T 

If we omit the small terms depending upon t and upon MK/GH, we 
get on solution and expansion of the radical— 

.... (4).’ 

The term in tan^0 is not given in the report of the Co mmi ttee, 
hut, as I learn from Mr. Hockin through Dr. Schuster, it was included 
in the actual reductions. But the next term in tan® 0, and one arising 
from a combination of the correction for self-induction with that 
depending on M, are not altogether insensible, so that probably the 
direct use of the quadratic is more convenient than the expansion. 
At the high speeds used by the Committee the correction for self- 
induction amounted to some 8 per cent., and therefore cannot be treated 
as very small. 

If the axis of rotation be not truly vertical, a correction for level is 
necessary. In the case of coincidence with the line of dip, no currents, 
due to the earth’s magnetism, would be developed. If the upper end of 
the axis deviate from the vertical by a small angle /3 towards the north, 
the electromotive forces are increased in the ratio cos(I-f-j8) : cos I, 
in the ratio 1+tan I.^, I being the angle of dip, A devia¬ 
tion in the east and west plane will have an efiect of the second order 
only. The magnetic forces due to the currents will not act upon the 
needle precisely as if the plane of the coil were always vertical, but 
^ difference is of the second order, so that the whole effect of a 
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small error of level may be represented by writing Cl (l-htan I. /3) for 
G in (S) or (4), 

The next step is to express GK in terms of the measurements of the 
coil. In order that there may be a passage for the suspending fibre 
and its enveloping tube, it is necessary that the coil be double, or if 
we pr^er so to express it, that there be a gap in the middle. If 

a=mean radius of each coil, 
whole number of windings, 
h=axial dimension of section of each coil, 
radial dimension of section of each coil, 

5^=: distance of mean plane of each coil from the aris of motion, 
a=angle subtended at centre by radius of each coil, so that cot «= 
Via, 



.( 5 ), 

K= 1^15: sin® at / 1+A-^(2—15sin®acos®a) 

+ , ( 6 ), 

so that 

GK=2»r3n%sinS«jl+^^+i^^siii^-cos^at-^^Ria^atl . (?). 

I a- i 

The correction due to the finiteness of h and c is in practice extremely 
small, but the factor sin^ cc must be determined with full accuracy. 

In order to arrive at the value of MK/GH, which occurs in {3}, we 
observe that the approximate value of K/G is 2 sin\ / a®; so that 
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MK/G-H is equal to tan /t, wHere pu is tlie angle through which the 
needle of a magnetometer is deflected when the suspended magnet (M) 
is placed at a distance from it a/sin a to the east or west, with the 
magnetic axis pointing east or west. In practice the difference of^ 
readings when M is reversed is iaken in order to double the effect, 
and any convenient distance is used in lieu of u/sina, allowance being 
easily made by the law of cubes. 

The correction for torsion is determined by giving the suspended 
magnet one (or more) complete turns, and observing the displacement. 
If this be reckoned in divisions of the scale, i,e,^ in millimetres, and 
D be the distance from the mirror to the scale reckoned in millimetres. 



XS). 


The correction for scale reading, necessary in order to pass from 
^ tan 2<p to tan 0, will be explained under the head of reductions. 

Corrections depending upon irregularity in the magnetic field, and in 
the adjustment of the magnet to the centre of the coil are given in 
the report. They are exceedingly small. The same may be said of 
errors due to imperfect adjustment of the coil with respect to the axis 
of rotation. 

In remounting the apparatus the first point for consideration was 
the driving gear. The Committee used a Huyghens’ gearing, driven 
by hand, in conjunction with a governor. This, it appeared to me, 
might advantageously be replaced by a water-motor; and Bailey’s 

Thirlmere ” engine, which acts by the impulse of a jet of water upon 
revolving cups, was chosen as suitable for the purpose. As the pres¬ 
sure in the public water pipes is not sufficiently uniform, it was at first 
intended to introduce a reducing valve; but ou reflection it seemed 
simpler to obtain a constant head of water by connecting the engine 
with a small cistern at the top of the building. This cistern is just 
big enough to hold the baU-tap by which it is supplied, and gives at 
the engine a head of about 50 feet. 

The success of this arrangement depends upon attention to princi¬ 
ples, as to which it may he well to say a few words. The work done 
by many prime movers is within practical limits proportional to the 
speed. If the work necessary to he done in order to overcome resist¬ 
ances, as n overcoming soHd friction, or in pulling up weights, be also 
proportional to the speed, there is nothing to determine the rate of the 
engine, and in the absence of an effective governor the motion will be 
extremely unsteady. In general the resistance function will be of the 
form— 

in which the above-mentioned resistances are included under B. The 
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term in C will represent resistances of tlie nature of Yiscosity, and that 
in D a resistance sucli as is incurred in setting fluids in motion by a 
fan or otherwise. By these resistances, if present, the speed of 
working will be determined. 

In the water impnlse engine, however, the work is not proportional 
to the speed. At zero speed no work is done; neither is any work 
done at a speed such that the cups retreat with the full velocity of 
the jet. The speed of maximum efficiency is the half of the last, and 
the curve representing work as a function of speed is a parabola with 
vertex directed upwards. If we draw upon the same diagram the 
^ curve of work and the curve of resistances, the actual speed will 
correspond to the point of intersection, and will be well or HI defined 
accortog as the angle of intersection is great or small. At the higher 
spdeds of the coil (four to six revolutions per second) so much air is set 
in motion that the resistance curve is highly convex downwards, and 
no difficulty is experienced in obtaining a nearly uniform motion. 
But when the speed of rotation is as slow as once a second, the 
principal resistance is due to solid friction, and the requisite cur- 
vafenre in the diagrams must be obtained in the curve of work. It 
was necessary in order to obtain a satisfactory performance at low 
speeds to introduce an additional reducing pulley, so that the engine 
might run fast, although the coil was running slow. 

The revolving coil with its frame, and the apparatus for suspending 
the magnet, were at first arranged as described by the Committee. 
This description, with drawings, is to be found in the report, and it 
is reproduced in “ Gordon's Electricity and Magnetism,” vol. i. The 
water engine was ready about the middle of June, and towards the end 
of the month the apparatus was mounted by Mr. Horace Darwin. 
During Jnly and August preliminary trials were made by Mr. Darwin, 
Mrs. Sidgwick, and myself, and various troubles were encountered. 

The only point in which the arrangement adopted by the Com¬ 
mittee was intentionally departed &om was in the connexion of the 
magnet and mirror. The magnet is necessarily placed at the centre of 
the revolving coil, hut in their arrangement the mirror is on the top 
of the frame and is connected to the magnet by a brass wire. In 
order to save weight, I preferred to have the magnet and mirror clc^ 
together, not anticipating any difficulty jbom the periodic and very 
brief interruptiou caused by the passage of the coil across the line 
of sight. A box was, therefore, prepared with a glass front, through 
which the mirror could be observed, and was attached to the end of a 
brass tube coming through the hollow axle of the coil. This tube 
, itself was supported ou screws resting on the top of the frame. The 
upper end of the suspension fibre was carried by a tall tripod resting 
independently on the floor. 

The first matter for examination was the behaviour of the magnet 
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and mirror when the coil was spinning with circnit open. At low 
speeds the result was fairly satisfactory, hut at six or more revolutions 
per second a violent disturbance set in. This could not be attributed 
to the direct action of wind, as the case surrounding the suspended 
parts was nearly air-tight, except at the top. It was noticed by 
Mr. Darwin that even at low speeds a disturbance was caused at every 
stroke of the bell. This observation pointed to mechanical tremor, 
communicated through the frame, as the cause of the difficulty, and 
the next step was to support the case surrounding the suspended parts 
independently. A rough trial indicated some improvement, but at this 
point the experiments had to be laid aside for a time. 

From the fact that the disturbance in question was produced by 
the slightest touch (as by a tap of the finger nail), npon the box, 
while the upper parts of the tube could be shaken with impunity," it 
appeared that it must depend upon a reaction between the air in¬ 
cluded ia the box and the mirror. It is known that a fiat body tends 
to set itself apross the direction of any steady current of the fluid in 
which it is immersed, and we may fairly suppose that an effect of the 
same character will follow from an alternating current. At the 
moment of the tap npon the box the air inside is made to move past the 
mirror, and probably executes several vibrations. While these vibra¬ 
tions last, the mirror is subject to a twisting force tending to set it at 
right angles to the direction of vibration. The whole action being 
over in a time very small compared with that of the free vibrations of 
the magnet and mirror, the obserred effect is as if an impulse bad 
been given to the suspended parts. 

In order to illustrate this effect I contrived the following experi¬ 
ment.* A small disk of paper, about the size of a sixpence, was hung 
a fine silk fibre across the mouth of a resonator of pitch 128. 
When a sound of this pitch is excited in the neighbourhood, there is 
a powerful rush of air in and out of the resonator, and the disk sets 
itself promptly across the passage. A fork of pitch 128 may be held 
Bear the resonator, but it is better to use a second resonator at a little 
distance in order to avoid any possible disturbance due to the neigh¬ 
bourhood of the vibrating prongs. The experiment, though rather 
striking, was also successfiil with forks and resonators of 
pitch 256. 

It will be convenient here to describe the method adopted for regu¬ 
lating and determi ning the speed of rotation, which has proved 
thoroughly satisfactory. In the experiments of the Committee a 
governor was employand the speed was determined by means of 
the bell already referred to. This bell received a stroke every 100 
revolutions, and the times were taken with a chronometer. In th-i« 
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method rather long spinnings (ten or twenty minutes) are necessary 
in order to get the speed with sufficient accuracy, much longer than 
are required to take the readings at the telescope. Desirous, if 
possible, of making the observations more quickly, I determined to 
try the stroboscopic method. On the axis of the instrument a stout 
card of 14 inches diameter was mounted, divided into concentric 
circles of black and white teeth. The black and white spaces were 
equal, and the black only were counted as teeth. There were five 
circles, containing 60, 32, 24, 20, 16 teeth respectively, the outside 
circle* having the largest number of teeth. 

This disk was observed from a distance through a telescope, and an 
arrangement for affording an intermittent view. An electric tuning 
fork of frequency about 68^ was maintained in regular vibration in 
the usual way by means of a Grove cell. To the ends of the prongs 
are attached thbi plates of metal, perforated vdth somewhat narrow 
slits parallel to the prongs. In the position of equilibrium these slits 
overlap so as to allow an unobstructed view, but in other positions of 
the fork the disk cannot be seen. When the fork vibrates, the disk is 
^n intermittently 127 times a second; and if the speed be such that 
on any one of the circles 127 teeth a second pass a fixed pointer, that 
circle is seen as if it were at rest. 

By means of the various circles it is possible to observe correspond¬ 
ingly varied speeds without any change in the frequency of the fork’s 
vibration. A further step in this direction may be taken by modify¬ 
ing the arrangement for intermittent view. If the eye be placed at the 
top or bottom of one of the vibrating plates, a view is obtained once 
only, instead of twice, during each vibration of the fork. This plan 
was adopted for the slowest rotation, and allowed 60 teeth to take 
the place of 120, which would otherwise have been necessary. 

The performance of the fork was very satisfactory. . It would go 
for hours without the smallest attention, except an occasional renewal 
of the alcohol in the mercury cup. Pure (not methylated) alcohol was 
used for this purpose, and a platiimm point made and broke the 
contacts. Although, as it turned out, this fork vibrated with great 
r^nlarity, dependence was not placed upon it, but repeated compari¬ 
sons by means of beats were made between it and a standard fork of 
Koenig’s construction, of pitch (about) 128. These beats, at pitch 
128, were about 48 per minute, and scarcely varied perceptibly during 
the course of the experiments. They could have been counted for an 
even longer time, but this was not necessary. It was intended at 
first to make the comparisons of the fork simultaneous with the 
other observations, but this was given up as a needless refinement. 

Some care was necessary in the optical arrangements to obviate 
undue fatigue of the eyes in a long series of observations. In daylight 
the illumination of the card was sufficient without special provision, 
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but at nigbtj when the actual observations were made, the image of an 
Argand gas flame was thrown upon the pointer and the part of the 
caid near it. On account of the necessity of removing the electric 
fork and its appliances to a distance, the card, if looked at directly, 
would appear too much fore-shortened, and a looking-glass was there¬ 
fore introduced. The eyepiece of the telescope, close in front of the 
slits, was adjusted to the exact height, and the eye was placed imme¬ 
diately behind the slits. By cntting off stray light as completely as 
po^ible, the observation may be made without fatigue and with slits 
narrow enongh to give good definition when the speed is correct.* 

As governor I had originally intended to employ an electro-mag¬ 
netic contrivance, invented a few years ago by La Conr and myself,* 
in which a revolving wheel is made to take its time from a vibrating 
fork, and it was partly for this reason that the water engine was 
placed at a considerable distance’ from the revolving coil. I was, 
however, not without hopes that a governor would be found unneces¬ 
sary, and a few trials with the stroboscopic apparatus were very en¬ 
couraging. It appeared that by having the water power a little in 
excess, the observer looking through the vibrating slits could easily 
ooutrol the speed by applying a slight firiction to the cord connecting the 
engine and coil. For this purpose the cord was allowed to run lightly 
through the fingers, and after a little practice* there was no difficulty 
in so rs^ulatang the speed that a tooth was never allowed finally to 
pass the pointer, however long the observation was continued. If, 
from a momentary inadvertence or from some slight disturbance, a 
tooth pa^ed it could readily be brought back again. The power of 
control thns obtained will be appreciated when it is remembered that 
the passage of a tooth per second would correspond to less than one 
per cenl on the speed. In many of the observations the pointer 
the same tooth all the ,while, so that the introduction of a 
governor conld only have done harm. 

Ailother, and perhaps still more important, improvement on the 
^ginal method related to the manner of making correction fori the 
dsaages of declination which usually occur during the progress of 
the expernnents. The Committee relied for this purpose upon com¬ 
parisons with the photographic records made at Kew, and they recog¬ 
nise that considerable disturbances arose from the passage of steamers, 
Ac. All difficulty of this kind is removed by the plan which we 
adopted of taking simultaneous readings of a second magnetometer, 
called the auxiliary magnetometer, placed at a sufficient distance'from 
the revolving coil to he sensibly unaffected by it, but near enongh to 
be similarly influenced by changes in the earth’s magnetism, and by 
other disturbances having their origin at a moderate distance. The 
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auxiliary magnetometer was of very simple construction^ and was 
read witli a telescope and a millimetre scale, the distance between 
mirror and scale (about 2|- metres) being adjusted to approximate 
equality with that used for the principal magnet, so that disturbances 
were eliminated by simple comparisons of the scale readings. Daring 
a magnetic storm it was very interesting to watch the simultaneous 
movements of the magnets. 

In the month of September the apparatus was remounted under the 
direction of Professor Stuart, to whose advice we have often been 
indebted. In order to examine whether any errors were caused by the 
circulation of currents in the frame, as has been saggested by more 
than one critic, insalating pieces were inserted, mercury cups at the 
same time being provided, so that the contacts could be restored at 
pleasure. But the. principal changes related to the manner of suspend¬ 
ing the fibre and supporting the box and tube. In order to eliminate 
iaremor, as far as possible, these j^rts were supported by a massive 
W€>oden stand, resting on the floor and overhanging, but without 
contact, the top of the metal frame of the coil. The upper end of the 
fibre was fastened to a rod sliding in a metal cap, which formed the 
upper extremity of a 2-inch glass tube. Near the other end thi^ tube 
was attached to a triangular piece of brass, resting on three screws, 
by which the whole could be raised or lowered bodily and levelled. 
Rigidly attached to this tube, and forming a continuation of it, a 
second glass tube, narrow enough to pass freely through the hollow 
axle of the coil, protected the fibre as far as the box in which the 
mirror and magnet were hung. This box was cylindrical and about 
3 indbes in diameter. The top fitted stiffly to the lower end of the 
imrrow glass tube, and the body of the box could be unscrewed, so as 
to give a<X5ess to the interior. The window necessary for observation 
of the mirror was made of a piece of worked glass, and was fitted air¬ 
tight. 

On my return to Cambridge in October the apparatus was tested, 
but without the full success that had been hoped for. At high speeds 
there was still unsteadiness enough to preclude the use of these speeds 
for measurement. Since it is impossible to suppose that the tremor is 
propagated with sufficient intensity through the floor and massive 
brickwork on which the coil is supported, the cause must be looked for 
in the fanning action of the revolving coil, aggravated no doubt by the 
somewhat pendulous character of the box, and perhaps by the nearness 
of the approach between the coil and its frame at three points of the 
revolution. 

At this lime the experiment was in danger of languishing, as other 
occupations prevented Mr. Darwin from taking any further part; but 
on Dr. Schuster’s return to Cambridge he offered his valuable assist¬ 
ance. Encouraged by Sir W. Thomson, we determined to proceed with 
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the measarements, inasmuch as no disturbance, dne to the rotation of 
the coil with circuit open, conld be detected until higher speeds were 
approached than it was at all necessary to nse. 

One of the first points submitted to examination was the influence 
of currents induced in the frame. Without altering the speed or 
making any other change, readings were taken alternately with the 
contact-pieces in and out. Observations made on several days agreed 
in showing a small effect, due to the currents in the frame, in the 
direction of a diminished deflection. The whole deflection being 516 
divisions of the scale, the mean diminution on making the top contacts 
was *86 division. When the coil was at rest no difference in the zero 
could be detected on moving the contact-pieces. 

In these preliminary experiments very consistent results were ob¬ 
tained at constant speeds, whether the rotation was in one direction or 
the other; but when deflections at various speeds were compared, we 
were startled to find the larger defiections falling very considerably 
short of proportionality to the speeds. There are only two corrections 
which tend to disturb this proportionality—(1) the correction for 
scale-reading, (2) the correction for self-induction. The effect of the 
first ip to make the readings too high, and of the second to make the 
readings too low at the greater speeds. According to the %nres given 
by the Committee (Report, p. 106), the aggregate effect is to increase 
the imdings, on account of the preponderance of (1) over (2), whereas 
mir results were consistently of the opposite character. Everything 
that could be thought of as a possible explanation was examined theo- 
re&ally and experimentally, bat without success. The coil was dis¬ 
mounted and the wire unwound, in order to see whether there was any 
Ms© contact which might be supposed to vary with the speed and so 
, account for the discrepancy. After much vexation and delay, it was 
discovered that the error was in the statement in the Report, the effect 
of self-induction being given at nearly ten times less than its real 
value. The correction for scale-reading, instead of preponderating 
ever the correction for seif-induction, is in reality quite a small part of 
the whole. 

At this st^e, as time was running short, we determined to proceed 
at once to a complete series of readings at sufflciently varied speeds, 
postponing the m^urement of the coil to the end. The wire had 
l>een rewound without extreme care to secure the utmost attaiuable 
evenness, and the condition of the groove was such that a thoroughly 
satisfactory coil conld not have been obtained, even with extreme care, 
it appeared, however, on examination that irregularities of this sort 
Were not likely to affect the final result more than one or two parts in 
a thousand, if so much; and many points of interest could be decided 
altogether independently of this measurement. 

The details of the experiments and reductions are given below by 
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Dr, Sclmster, wlio took all tlie readings of tlie principal magneto¬ 
meter. Mrs. Sidgwick observed the auxiliary* magnetometer; wbile 
the regulation of tbe speed by stroboscopic observation fell to myself. 
Dr. Scbngter also undertook tbe labour of tbe reductions and tbe 
final compari^ns of our arbitrary German silver coil witb tbe standard 
obms. 

Tbe observations were very satisfactory, and at constant speeds agreed 
better than we bad expected. Tbe only irregularity tbat we met 
witb was a slight disturbance of tbe zero, due to convection currents 
in tbe air surrounding tbe mirror, tbe effect of wMcb, however, almost 
entirely disappears in tbe means. This disturbance could be magnified 
by bringing a paraffin lamp into tbe neighbourhood of tbe mirror. After 
about half a minute, apparently tbe time occupied in conduction through 
tbe box and in starting the current, tbe readings began to move off*. 
Complete recovery would occupy twenty or thirty minutes. In future 
experiments this kind of disturbance will be very much reduced by 
increasing tbe moment of tbe magnet five or six times, and by dimi- 
nfebing tbe size of tbe mirror, both of which may be done without 
objection. 

Tbe comparison of tbe results at various speeds requires a knowledge 
of tbe coefficient of self-induction L. ITotbing is said in tbe Report as 
to tbe value of L for tbe second year’s experiments, but tbe missing 
information is supplied in Maxwell’s paper on tbe “ Electro-magnetic 
Field,”* together witb an indication of tbe process followed in cal¬ 
culating it. Tbe first approximation to tbe value of L, in which tbe 
dimensions of tbe section are neglected in comparison witb tbe radius 
of tbe coil, is 437,440 metres, but this is reduced by corrections to 
480,165. Tbe value which best satisfies tbe observations is consider¬ 
ably greater, viz., 456,748. A rough experiment witb tbe electric 
balance gave 410,000; but Professor Maxwell remarks tbat tbe value 
calculated from tbe dimensions of tbe coil is probably much tbe more 
accurate, and was used in tbe actual reductions. I bad supposed at 
one time tbat tbe discrepancy between tbe results at various speeds 
and tbe calculated value of L was due to tbe omission of tbe term in 
tan^ given above, which would have tbe same general effect as an 
under-estimate of L; but, as has been already mentioned, this term 
was in fact included in tbe reductions made by Mr. Hockin, in cpn- 
junction, moreover, witb tbe value L=437,440. 

A rough preliminary reduction of our observations showed at once 
tbat they could not be satisfied by any such value of L as 487,000, 
but pointed rather to 454,000, and we began to suspect tbat tbe 
infiuence of self-induction bad been seriously under-estimated by tbe 
Committee. Preliminary trials by Maxwell’s method witb tbe electric 
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balaiiese gi?m^ promise of results trustwoi'thy within one per cent., 
we proceeded to apply it with care to the determination of L, hut the 
gsdTanometer at our command—a single needle Thomson of 2,000 ohms 
resistance—^was not specially suitable for ballistic work. As this 
method is not explained in any of the nsnal text-books, it may be 
convenient here to give a statement of it. 

The arrangement is identical with that adopted to measure the 
resistance of the coil in the nsnal way by the bridge. If P he the 
resistance of the copper coil, Q, H, S, nearly indnctionless resistances 
&om resistance-boxes, balance is obtained at the galvanometer when 
PS=QR. This is a resistance balance, and to observe it the influence 
of induction must be eliminated by making the battery contact a 
second or two before making the galvanometer contact. Let us now 
suppose that P is altered to P+^P* The efiect of this change would 
he annulled by the operation of an electromotive force in branch P of 
magnitude 2P. x, where x denotes the magnitude of the current in this 
branch before the change. Since electromotive forces act indepen¬ 
dently, the effect upon the galvanometer of the change from P to 
P-f-^P is the same as would be caused by ^P .a; acting in branch P, 
if there he no E.M.P. in the battery branch at all. 

Returning now to resistance P, let us make the galvanometer con- 
tacst before making the battery contact. There is no permanent 
current through the galvanometer (Cr), but, at the moment of make, 
seR-mdnction opposes an obstacle to the* development of the current 
in P, which causes a transient current through G, showing itself by a 
^»ow of the needle. The integral magnitude of this opposing B.M.P. 
m simply L x, and it produces the same effect upon G as if it acted by 
itself. We have now to compare the effects of a transient and of a 
permanent E.H.P. upon G. This is merely a question of galvano- 
metry. If T be the time of half a complete vibration of the needle, 
0 the permanent deflection due to the steady E.M.P., a the throw due 
to the transient E.M.P.J then the ratio of the electromotive forces, or 
of the is 

:T 2sinia 

5r tan^ 

If, instead of the permanent deflection 0, we observe the first throw 
(j3) of the galvanometer needle, this becomes 

T 2sin ^g 
w tan-|jS* 

In the present case, the ratio in question is, by what been 
slK)wn, above ^P .aj: La, or 5P : L; so that 

L^8P T 2 sin I* 

P P ST tani/8 


. (^), 
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a fonmila wMck exMbits tlie time-constant of tlie coil P in terms of 
tbe period of tlie‘galvanometer needle. Pnrtlier to deduce the value 
of L in absolute measure from the formula requires a knowledge of 
resistances in absolute measure. 

In carrying out the experiment the principal difficulty arose from 
want of permanence of the resistance balance, due to changes of 
temperature in the copper coil. The error from this source was, 
however, diminished by protecting the coil with flannel, and was in 
great measure eliminated in the reductions. The result was L=455,000 
metres. This is on the supposition that the ohm is correct. If, as we 
consider more probable, the ohm is one per cent, too small, the result 
would be L=450,000. 

Without attributing too great importance to this determination, 
there were now three independent arguments pointing to the higher 
value of L : first, from the experiments of the Committee; secondly, and 
more distinctly, from our experiments; and thirdly, from the special 
determination; and I entertained little doubt that a direct calculation 
from the dimensions of the coil would lead to a similar conclusion. 

This direct calculation proved no very easy matter. Mr. W. D. 
Kiven (whom I was fortunately able to interest in the question) and 
myself had no difficulty in verifying independently the formulae given 
in “Maxwell’s Electricity and Magnetism,” §§ 692, 705, from which 
the self-induction of a simple coil of rectangular section can be found, 
on the supposition that the dimensions of the sections are very small 
in comparison with the radius. In the notation of the paper on the 
etectro-magnetic field, if r be the diagonal of the section, and 6 the 
angle between it and the plane of the coil, 

Ii=4srn^u j^logtf—+T 5 —f cot 26—^ cosec 29 

—^cot® ^logtfcosd—^tan^^logtfSin^J . . . (10). 

In the paper itself, probably by a misprint, cos 2$ appears, instead 
of cosec 20, in (10). The expression is, as it evidently ought to be, 
unchanged when 0 is written for 0. By an ingenious process, 
explained in the paper, the formulae is applied to calculate the self- 
induction of a double coil.* 

The whole self-induction of the double coil is found by adding 
together twice' the self-induction of each part and twice the mutual 
induction of the two parts. The self-induction of each part is found (to 

* The following misprints may he noticed:— 

Page 509, Ihie H, for B read 0. 

„ „ 13, for lj(AO) read M(AC). 

„ „ for L(B) read L(C). 

Attention must be directed to the peculiar meaning attached to depth. 
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q»o.Utr Mr. Nirm W 301,802, ^ ^ 

tur w.|“rx 

that the carvature may be neglected. This corresptm 

£“ Si^/traiscrepancy I am not able h, offer any satis- 

factoiy explanation. It appSTfo coils, 

EwS’hL" £ilhlnged what, to avoid any possible ^ 

have called the axial and radial dimensions of the section. Thus the 
Soft if in his nse of the word, the axial dimension, is given as 
•0^608 “but this is really tlie radial dimension, as appears clearly 

meas'^ments. The real value of the axial dimension is -01841 metre. 
But I do not think that this interchange will explain the difference m 

-fli#* Tp^mliis of ijlie calcnlation. « ., • £ x-u... 

When we proceed to apply corrections for the fini e size o 
section further discrepancies develops themselves. The secon erm 
r^^Ixpression for L given in the paper (p. 508) -* 7 ^ 6 - to 

be correct and the final numerical correction for curvature ( 7,3 

1 sign from that whij we obW 
attacked the problem of determining the correction for cu^^nrem 
the general cL of a single coil of rectangular section, 
to a certo difficulty of interpretation) has obtamed 
iftroKcafcion of the result to the actual case of a double coil would, 
Wever, be a very troublesome matter. For the two particular cases 
in which only one of the two dimensions of the section of a simple 
eoa is considered to be finite, Mr. Niven and myself have mde^n- 
tetly obtained tolerably simple results. Thus, if the axial dimension 

be zero (5=0), 

. ( 11 ); 


L=4bii% log ——•^+ 






and if tlie radial dimensioii be zero, 

L=4vtt%[log^-i+£^l°ffT‘^^)] ■ ■ 

Again, for a circular section of radius p, 

L=4va%[log^-i+^,(log^+i)] • • 

In all these cases we see that the correction increases the value^ of 
L, and there can be no doubt that the same is true for the double coil. 


( 12 ). 


(13). 
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I liave applied (13) to estimate tlie coirrection for otirvatare in the 
self-induction of each part of the donble coil. For reasons which it 
wonld take too long to explain, I arrived at the conclusion that the 
value of the small term must be very nearly the same for a circular 
section as for a square section of the same area, and the actual 
section is nearly enough square to allow of the use of this principle. 
The necessary addition to the originally calculated self-induction of 
each part, in order to take account of curvature, comes out 119*5 
metres; so that the final value of L for the double coil will on this 
account be increased 239 metres. This is a small quantity, but a 
much larger correction for curvature must be expected in the mutual 
induction of the two parts. By a suf&ciently approximate method I 
find as the correction to twice the mutual induction 3,469 metres, 
giving altogether for twice the mutual induction 149,289 metres. 
This added to 302,159 (=301,920-f 239) metres gives as the final 
calculated value of L for the double coil, 

L=451,448 metres. 

This result is confirmed by calculation of the mutual induction by 
means of a table, founded on elliptic functions. In this way, and with 
a suitable formula for quadrature, we find, 

2!M=149,394 metres, 

agreeing nearly enough with the value found by Maxwell’s method, viz., 
149,289 metres.* When all the evidence is taken into consideration, 
there can remain, I suppose, little doubt that the value 451,000 is 
substantially correct, and that the reductions of the Committee are 
affected by a serious under-estimate. 

Professor Rowland, in ignorance apparently of Maxwell’s previous 
calculation, has shown that if in the original experiments we assume an 
unknown cause of error proporiional to the square of the speed, and 
eliminate it, we shall arrive at a value of the ohm differing very 
appreciably from that adopted by the Committee. In this way he 
finds that— 

1 olmL=-9926 ^^^ gn adr a at 
second 

Rowland is himself disposed to atiribute the error to currents induced 
in the frame. Our experiments prove these currents had not much 
effect, though they may explain the difference between the value of 
L which best satisfies our experiments (where the currents could 
not exist), ^.e., 451,000, and the higher value 457,000 calculated by 

* The arithmetical calculations were made from the data given by the Committee 
(Reprint, p. 115;, *158194., 26'= -03851, 6 = -01841 (not *1841), e = *01608, all in 
metres. »=313. The whole number of turns (313) was supposed to be equally 
divided between the two parts. 
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Maxwell as most in harmony with the original experiments. The 
process adopted by Kowland is evidently equivalent to determining the 
coefficient of self-indnction from the deflections themselves, and his 
result, rather than that given by the Committee, mnst be regarded as 
the one supported by the evidence of the original experiments. 
Rowland’s own determination, by a wholly distinct method, gives 

second 

and according to onr experiments the ohm is even smaller— 

1 oliin=-9893^£^-2S5^. 

second 

The question, therefore, arises whether any farther explanation can 
be given of the different result obtained by the Committee. The 
value of GK employed in calcnlatiug the experiments according to 
(4) was— 

GK=299,775 lietres. 

Jor the principal term in 6K, as given by (7), we require the values 
of w, a, and a. From p. 115 of the Reprint we find *158194 metre, 
?i=:313. The angle a must be recalculated, as the value of log sin^ a 
(1*9624955) is evidently incorrect. From 25^== *03851 metre by means 
of sin4t=a/v/(a^+h^^) we find log sin^ a=1*99043. From these data 
the final valne is— 

GK=:299,290 metres, 

differing appreciably from that nsed by the Committee- The further 
di^ussion of the question is a matter of difficulty at this distance of 
time. There may have been some reason for the value adopted, which it 
is now impossible to trace, so that I desire to be understood as merely 
throwing out a suggestion with all reserve. But I think it right to 
point out a possible explanation, depending upon the interchange of 
the axial and radial dimensions in the paper on the electro-magnetic 
field. The data there given are the mean radius, the two dimensions 
of the sections, and the distance between the coils (*02010). This 
distance is correct, being equal to 25'—5, that is, to *03851—*01841. 
The distance between the mean planes of the coils is not given, but 
could, of course, be calculated by addition of *02010 and *01841. If, 
however, the radial dimension *01608 were substituted for the axial 
dimension *01841, an erroneous value would be obtained for 25', that 
is, "03618 instead of *03851. Using *03618 to calculate a, I find— 

GK=299,860 metres, 

agr^ing much more nearly with the value used in the reductions. 

If it be thought probable that the value of GK was really 299,290, 
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a still fnrtlier reduction of nearly two pai^s in a thonsand must be 
made in tbe nnmber wMcb expresses tbe obm in absolute measure, and 
we should get— 

second 

coinciding practically with the value obtained by Bowland from bis 
own experiments. 

In the course of our experiments various doubts suggested them¬ 
selves, and were subjected to examination. It may be well to say a 
few words about some of these, though the results are for the most 
part negative. 

Tbe energy of the currents circulating in the coil is expended in 
heating the copper, and a rise of temperature affects the resistance. 
Calculation shows that the disturbance from this cause is utterly 
insensible. H at tlie highest speeds of rotation all the heat were 
retained, the rise of temperature would be only at the rate of 3’2 X 
10“®° C. per second. 

Much more heating may be looked for during the operation of taking 
the resistance. Under the actual circumstances a rise of resistance of 
about one part in 30,000 might be expected as the effect of the battery 
current in one minute. The aggregate duration of the battery contact 
in each of the resistance measurements was probably less than a 
minute. 

Another question related to the possible effect of a want of rigidity 
in the magnetism of the needle. It is known that galvanometers will 
sometimes, when it is certain that there is no average current passing 
through the coils, show a powerful effect as a consequence of fluctuat¬ 
ing magnetism corresponding to the fluctuating magnetic field. In 
the present experiment the magnetic field is fluctuating, and the 
magnet is expected to integrate the effect as if its own magnetism 
were constant. It is unlikely that any appreciable error arises in this 
way, as I find by calculation that a theoretically soft iron needle would 
point in the same direction as a theoretically hard needle when placed 
at the centre of the revolving coiL 

From the details given the reader will be in a position to judge for 
himself as to the accuracy of our experiments. If, as we believe, the 
principal error to be feared is in the measurement of the coil, there is 
little to he gained by further experimenting with the present apparatus. 
Accordingly a new apparatus has been ordered, from which superior 
results may be expected. In designing this several questions pre¬ 
sented themselves for solution. 

All corrections being omitted, the effect— 

. , na^ w 

tan^x-^; 

K 2 
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and, if a denote tie section, of the ■wire, and S(=»«’), the aggregate 
section of tlie coil— 


so that if S be given, tan <t> is independent both, of the number of terms 
n and of tbe mean radius a. If 0 be given, the correction for self- 
induction depends upon L/GK, while both L and GK varj approxi¬ 
mately as So far, therefore, there is nothing to help us in deter¬ 
mining n and a. The following considerations, however, tell in favour 
of a rather lai^e radius :— 

(1.) Easier measurement of coil. 

(2.) Smaller correction for moment of suspended magnet. 

(3.) Smaller errors from maladjustment to centre, and from size of 
magnet. 

The question of insulation is important. During the rotations the 
electromotive force acts independently in every turn, and there is no 
strain upon the insulation; but in taking the resistance, when a battery 
is employed, the circumstances are materially different. Any leakage 
from one turn to another would, therefore, be a direct source of error. 
It is proposed to use triply covered wire. 

In order to obtain room for the tube encasing the fibre, it is neces¬ 
sary to use a double coil. In the new apparatus there will be oppor¬ 
tunity for a much larger diameter, by which it is hoped to obtain an 
advantage in respect of stiffness; hut the further question presents 
itself, whether the interval between the coils should he increased so as 
to obtain a very uniform field, as in Helmholtz^s arrangement of 
galvanometer. The advantages of this plan would he considerable in 
several respects, but on the whole I decided against it mainly on the 
ground that it would magnify the errors due to imperfect measurement. 
If we call the effect (so far as it depends upon the quantities now 
under consideration) we have, in previous notation, 

sin^ 


If 6^=0, 


du_^4iia_ ^ada-\rVdl/ 
u a 

du_da> 
u a’ 


but if, as in Helmholtz’ arrangement, 

du _ Sda _6 db' 

u ha ha* 

The increase of b' from 0 to -Ja not only introduces a new source of 
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error m tlie measBrement of h\ but also magnifies tbe effect of an. error 
in the measurement of a. If we have nearly 

du _ da _3 dh' 

u £& 10 £& ’ 

showing that an absolute error in V has about >1 of tbe importance of 
an equal absolute error in a. 

As will be evident from wbat bas been said already, tbe treatment of 
tbe correction for self-induction is a very important matter. It is 
probable that L may be best determined from tbe deflections them¬ 
selves with tbe use of sufficiently varied speeds. If L be arrived at by 
calculation, or by independent experiments, it is important to keep 
down tbe amount of tbe correction. We have seen, however, that 
L/G-K is almost independent of % a, and S, so that if we regard tan <j> 
as given, tbe magnitude of tbe correction cannot be controlled so long 
as a single pair of coils is used. An improvement in this respect would 
result from tbe employment of two pairs of. coils in perpendicular 
planes, giving two distinct and independent circuits. In virtue of tbe 
conjugate character, tbe currents in each double coil would be tbe same 
as if tbe other did not exist, and tbe effects of both would conspire in 
deflecting tbe suspended magnet. This doubled deflection would be 
obtained without increase of tbe correction for self-induction, such as 
would arise if tbe same deflection were arrived at by increasing tbe 
speed of rotation with a single pair of coils. A second advantage of 
this arrangement is to be found in tbe production of a field of force 
uniform with respect to time. 

However tbe correction for self-induction be treated, it is important 
to obtain trustworthy observations at low speeds. In order to get a 
zero sufficiently independent of air currents, it wiU be advantageous 
largely to increase tbe moment of tbe suspended magnet. Preliminary 
experiments have, however, shown that there is some, difficulty in get¬ 
ting tbe necessary moment in a very small space, in consequence of 
the interference with each other of neighbouring magnefe^ and thus 
the question presente itself as to tbe most advantageous arrangement 
for a compound magnet. 

A sphere of steel, as used by tbe Committee, bas tbe advantage tfe^t 
if uniformly magnetised it exercises tbe same action as an infinitely 
small magnet at its centre. But tbe weight of such a sphere is con- N 
siderable in proportion to its moment, and it is probable that a comM- 
nation of detached magnets is preferable. It is possible so to choose 
tbe proportions as to imitate pretty closely tbe action of an infinitely 
small magnet. Thus, if tbe magnet consist of a piece of sheet steel 
bent into a cylinder and nniformly magnetised parallel to tbe axis, tbe 
length of tbe cylinder should be to tbe diameter as \/3 to v^2. In 
this case tbe action is tbe same as of an infinitely small magnet as far 
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tke fourtli term inclusive of the harmonic expansion. Without loss 
of this property the cylinder may be replaced by four equal line 
magnets, coinciding with four symmetrically situated generating lines. 
Thus, if we make a compound magnet by placing four equal thin 
magnets along the parallel edges of a cube, the length of the magnets 
should be ^/S times the side of the cube. This is on the supposition 
that the thin magnets are uniformly magnetised, as is never the case 
in practice. To allow for the distance between the poles and the ends 
of the bars, we may take the length of the bars 2*8 times the side of 
the cube. 

With the new apparatus, and with the precautions pointed out by 
experience, we hope to arrive at very accurate results, competing on at 
least equal terms with those obtained by other methods. Most of the 
determinations hitherto made depend upon the use of a ballistic gal¬ 
vanometer, and the element of time is introduced as the time of swing 
of the galvanometer needle. There is no reason to doubt that very 
good results may be thus obtained, but it is, to say the least, satisfac¬ 
tory to have them confirmed by a method in which the element of time 
enters in a wholly different manner. 


Part n.— By Arthur Schuster. 

Adjustment of the Instruments amd Determination of Constants. 

The only adjustments to be made consist in— 

1. The levelling of the coil. 

2. The suspension of the magnet in the centre of the coil. 

3. The proper disposition of the scale and telescope by means of 
which the angles of deflection are read off 

Lmel .—^The first of these presents no difflculty, and any small error 
can be easily taken account of in the calculations. It was found 
that the upper end of the axis of rotation was inclined towards the 
north by an angle of *0003 circular measure. Hence, as has already 
been explained (page 107) we must in the reductions write through¬ 
out G (1*1" *0003 tan I) or I'OOOS G for G. This correction is small, 
but a little uncertain, as the coil was not very steadily fixed in its 
bearings, and small variations in the inclination of the axis could be 
produced by slightly pressing on one side or the other of the coil. 
When left to itself the coil seemed, however, very'nearly to return to 
the same position. 

The Magnet .—The magnet, which was suspended in the centre of the 
coil, consisted of four separate magnetised needles, each about 
0’5 centim. long. These were mounted on four parallel edges of a 
small cube of cork, A needle attached to the back of the mirror went' 
through a small hole in the cork, and was kept in its place by means 
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of shellac, to preyeut any slipping between tbe magnets and the 
mirror. Tbe proper suspension of tbe magnet is a point of some 
delicacy and importance. As regards tbe vertical adjustment, tbe 
distance of tbe cnbe of magnets from tbe bigbest and lowest point of 
tbe circnlar fi^me was measured, and tbe magnet raised or lowered 
xintii tbe distances became equal. A pointer was next fixed to tbe 
frame, reaching very nearly to tbe centre of tbe coil. As tbe coil 
was rotated, tbe pointer described a small circle round tbe axis of 
revolution, and tbe position of tbe magnet could be easily altered until 
it occupied tbe centre of the small circle. It is supposed that ibis 
adjustment was made to within less than 1 millim., and could, 
therefore, for all practical purposes, be considered as perfect. 
Tbe magnetic moment of tbe magnet was measured in tbe usual 
way. Two closely agreeing sets of measurement showed that at 
a distance of 1 foot it deflected a suspended needle through an 
angle, the tangent of which was *000298. Hence at tbe mean dis¬ 
tance of the coil (15*85 centims.) tbe deflection would have been 


*0021. This number is equal to 


and will be referred to as tan j 


in the discussion of tbe calculatioAS. The magnetic moment was 
determined a few days after tbe last spinnings bad been taken; but 
on each day on which experiments were made, tbe time of vibration 
of tbe magnet was determined, and we thus assured ourselves that no 
appreciable change in tbe magnetic moment bad taken place while 
the experiments were going on. The time of one complete vibration 
was 14*6 seconds. 

Adjustment of Boole and Telescojpe ,—The telescope which served to 
read the angle of deflection rested on a small table to which it could 
be clamped. In front of the table and below the telescope, the scale 
could be raised or lowered and fixed when tbe proper position had 
been found. It was levelled by deflecting the magnet successively 
towards both sides, and observing the point of the scale at which the 
cross wires of the telescope seemed to cut the scale. If in both 
positions of tbe mirror tbe scale was intersected at tbe same height, it 
was considered to be sufficiently levelled. It remained to place the 
scale at right angles to tbe line joining its centre to the mirror. This 
was done by measuring tbe distance of both ends to tbe mirror by 
means of a deal rod, with metallic adjustable pointers (presently to be 
described), and altering tbe position until these distances were equal. 
It is supposed that considerable accuracy was thus obtained, A small 
remaining error would be eliminated by observing deflections on both 
sides of the zero. To adjust the telescope we had now only to point 
it to the centre of tbe mirror, and at tbe same time to place it in such a 
position that its optic axis passed vertically over the centre of the 
By suspending a plumb line from the telescope so as to divide 
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its objective into two equal parts, and focnssing alternately on tbe 
mirror and on tbe image of tbe scale, botb points could be simulta¬ 
neously attended to. 

To measure tbe distance of tbe scale from tbe mirror the deal rod 
used for tbe adjustment of tbe scale was cut down so as to bave 
nearly tbe required length. Tbe two brass pointers attached to tbe 
two ends made an angle of about 45° with tbe rod. One of tbe 
pointers was fixed but tbe other could be moved round a fixed point 
in tbe rod by means of a screw. As it moved tbe distance of tbe two 
points changed, and by properly supporting tbe rod and leaning one 
point against the centre of tbe scale at a known height from tbe 
ground, while tbe moveable point was made to touch tbe centre of the - 
mirror, tbe distance could be accurately found. It was compared with 
tbe scale itself, in order that the calculation of tbe angles of deflection 
should be independent of tbe absolute length of a scale division. Tbe 
length required is tbe shortest line between tbe centre of tbe mirror and 
tbe plane of tbe scale, and this can be calculated if tbe difference in 
height of tbe centre of tbe mirror and tbe point to which tbe distance 
was measured, is known. These heights were determined by means of 
a cathetometer. Tbe height of tbe centre of tbe objective was 
measured at tbe same time; so that all data required to find tbe incli¬ 
nation of tbe normal of tbe mirror to tbe horizontal are known. 
The following numbers were obtained; each division of tbe scale 
is for simplicity supposed to be equal to 1 millim., which is very 
n^riy correct, but as has been said, its absolute value is of no im¬ 
portance. 

Distance of mirror from scale in centims. 252’28 

As tbe position of tbe magnet was always read off 
through a glass plate, a small correction equal to 
tbe thickness of tbe glass (3*2 milbms.) multiplied 
• 1 

mto 1-—where /t is tbe refractive index, has to 
be appbed. This correction is subtractive and 


equal to... 

Hence, D=... 252*17 


It was also found that tbe mirror pointed downwards, and made an 
"to^e of *004 with tbe horizontal. A small correction due to this 
cawse will be dkcussed in another place. 

Tbe torsion was as much as possible taken out of tbe silk 
wMcb was about 4 feet long, before tbe magnet was attached 
ifoe mirror. Tbe coefficient of toision was determined by turning 
Ito w&gnat through five whole reTolutions and observing tbe displace- 
liiwi of magnet. It was calculated from tbe numbers obtained that 
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one revolution sMfbed tlie position of rest throngli 5*6 scale divisions, 
corresponding to an angle of *001107. 

Another experiment in which the magnet was turned in the opposite 
direction gave *001117. 

Hence t=J2^=-00018. 

23r 

The correction due to torsion is best applied to the value of Gr at 
the same time as*the correction for level by writing everywhere— 

for G 

l+T 

Oonstants of the GoiL —^The accurate determination of the constants 
of the coil forms the most difficnlt part of the measnremenls. Un¬ 
winding the coil, the outer circumference of the successive layers was 
measured by means of a steel tape. Bach measurement was repeated 
several times, and the agreement was satisfactory. The thic^pess of 
the wire was found to be l*eS7 millims., which, on the circumference of 
the successive layers, should produce a constant difference of 2*74 ^ or 
8*62 millims. Owing, however, to defective winding, each layer enters 
a little into the grooves of the subjacent layer, and the differences in 
circumference of successive layers were therefore always smaller than 
they ought to have been. The differences varied between 7* millims, 
and 8*6 millims., but generally were about 8*1 millims. Th wire was 
a little too thick, and as it had been taken off the coil auc ,.ewound, 
small iiregularities were formed which prevented a satisfactory wind¬ 
ing. Each coil had 156*5 windings. Of these 156 were in one coil 
r^ularly distributed over twelve layers of thirteen windings each; 
while half a tnrn was outside. In the second coil the twelve layers 
only contained 155 windings, and one turn and a half was lying 
outside. In the calculation for mean radius it was assumed that each 
complete layer contained the same number of turns. Let S be the 
sum of an measurement for one cod, also 0 the circumference of the 
layer containing the loose extra turns; then we find the mean circum¬ 


ference of the first cod, —^ .= 99 *6^ 

and for the second, (13—1/12)8+1-5 0. .= 99 *651 

lOO’O 


Or as the circnmf erenoe of the outside of the mean turn. = 99 *666 

From this is to he subtracted a correction equal a- x thick¬ 
ness of tape........*081 


99*635 
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To obtain the circumference of the axis of the mean wind¬ 
ing we have to subtract sr x thickness of wire.= *431 

Hence the dual value of the mean circumference.99 *204 

Or for the mean radius. 

The grooves of the coils and their distance was also 


measured, and it was found that^— 

?>=axial dimension of coil.= 1 

2^'=r distance of mean plane from axis of motiot..., = 1 *918 

All measurements are given in centimetres. 

We calculate— 

«ft=:angle subtended at axis by mean radius =cot“^-^-= 83° 04' 

And log sin^ a.= 1 *990458 

The principal term in the expansion of GrK is rfj8sin^a=29,869,300 
To this is to be added a small correction given on p. 107 — 100 

The final valne of GK being .29,869,200 


Applying the corrections for level and torsion to GK as explained, 
and writing for the valne so corrected, we find, 

®ra=29,887,6Q0. 


The Ohservatioiis. 

The observations consisted of two parts: tbe comparison of the 
resistance of the rotating copper coil with that of a standard German 
silver coil, and the observation of the deflections during the spinnings. 
The comparison of resistance was made by a resistance balance devised 
by Mr. Fleming,* to whom we are indebted for advice and assistance 
in all questions concerning the comparison of resistance. In this 
Wiance, which only differs by a more convenient arrangement from an 
ordinary Wheaistone’s bridge, Professor Carey Foster’s method of 
comparing resistance is nsed. The method consists in interchanging 
the resistance in the two arms of the balance which contain the 
graduated wire, and thus finding the difference between these two 
resistances in terms of that of a certain length of the bridge wire. 
The balance was placed on a table near* tbe rotating cod, and could be 
electrically connected wdth it by means of two stout copper rods. 
The German silver coil which served as the standard of comparison 
was prepared so as to have a resistance nearly equal to that of the 
copper coil, that is about 4*6 ohms. Any error due to thermo-electric 
cuirents, which have sometimes been found to be generated at the 

* ** Phil. Mag.,” ix, p, 109,;i880. 
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moveable contact of tbe galvanometer circuit vdtb the bridge wire, is 
eliminated in Foster’s method, bnt to ensure greater accuracy and 
safety all measurements were repeated vrith reversed battery current. 
The whole comparison seldom occupied more than five minutes; and 
the readings obtained with the battery current in different directions 
closely agreed with each other. 

The spinnings were always taken in sets of four at the same speed, 
and the comparison of resistance was made at the'beginning and 
end of each set. During the time of spinning the resistance was 
found to have altered owing to a rise of temperature which always 
took place duriag the time of experimentation. The corrections for 
the change of resistance and the possible errors introduced owing to 
the uncertainty of this correction will be described further on. 

After the resistance of the coil had been measured, it was discon¬ 
nected from the balance and set into rotation with open circuit, so that 
no current could pass. While the water supply was adjusted so as to 
give approximately the required speed, the magnet in the centre of 
•^e coil, which had been strongly disturbed during the measurement 
of resistance, was brought to rest either by means of an outside 
magnet or more often by means of a small coil and Le Glanche cell, 
which was always placed in the neighbourhood of the rotating coil. 
A key within reach of the observer served to make and break contact 
at the proper time. When the speed had been approximately regulated 
and the magnet was vibrating through a small arc only, its position of 
rest was determined, while at the same time the auxiliary magneto¬ 
meter placed in the adjoining room was observed. The two ends of the 
rotating coil were now connected together, by means of a stout piece 
of copper, the well amalgamated ends of which were pressed into cups 
containing a little mercury, into which they tightly fitted. 

As the coil was set into rotation the magnet slowly moved towards 
one side, and a proper use of the damping coil brought it quickly to 
approximate rest near its new position of equilibrium. When the 
swings extended through no more than ten or twenty divisions of the 
scale, the coil was kept, as nearly as possible, at the proper speed, by 
the observer at the tuning fork (Lord Rayleigh, see p. 112). Read¬ 
ings of the successive elongations were taken for about two minutes, 
and a signal given at the beginning and end of each set of readings 
enabled the observer at the auxiliary magnetometer (Mrs. Sidgwick) to 
note its position as well as any changes in the direction of the earth’s 
magnetic force during the time of observation. The direction of 
rotation was now reversed, and the defiection observed in the same 
maimer; the whole process being twice repeated, so that four sets of 
readings were obtained. When all the observations for the given speed 
had been completed, the position of rest of the magnel^ when no 
current passed through the coil, was again determined and compared 
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witli tlie anxiliaiy magDetometer. A recomparison of resistance witli 
tlie standard completed tlie set. Tlie magnet in tlie centre of tlie coil 
shonld, wlien no current is passing tlirongli tlie coil, always go tlirongli 
the same changes as the magnet of the ansiliaiy magnetometer. If 
this conld be insured, the two might be compared once for all, or the 
comparison might even be omitted altogether, for the difference between 
the deflections of positive and negative rotations, when corrected for 
changes in the earth’s magnetism, would give the double deflection 
independently of the actual zero position. Unfortunately, however, 
and this was onr greatest trouble, the comparison between the magnet 
and the auxiliary magnetometer showed that we had to deal with a 
disturbing cause, which rendered a frequent comparison between the 
two instruments necessary. This disturbing cause, which we traced 
to air currents circulating in the box containing the magnet, will be 
discussed presently. 

The observations were taken on three different evenings and one 
afternoon. The evenings (8h. p.m. to 11 h. p.m.) were chosen on 
account of the absence of disturbances, which, during the usnal 
working honrs, are almost nnavoidable in a laboratory. We may 
give, as an example for the regularity with which the magnet vibrated 
round its position of rest, a set of readings which were taken while 
the coil revolved about four times in one second, the circuit being 
closed. 

T=9^ 36“ i=13°*0 C. 


Rotation. Kegative. 

374-4 3621 

378-3 362*8 

372- 2 362-0 

373- 9 361*4 

372 *8 362-0 

372 *8 362-0 

372-4 363-8 

371-8 364-0 

371-1 364-0 

370-5 . 


Mean.... 372 *52 .. 362 ‘68 

Pc^tion of rest, 367 *60. 
T=9^ 38“-5. f=13°-0 C. 


The number of readings taken were not always the same, hut 
wied generally between sixteen and twenty. 

We used, in the couise of our experiments, fonr different speeds. 
fflfeS i^lhod of obtaining and regulating these has been explained by 
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Lord Rayleigli. For simplicity we generally denoted the speed by 
means of the nnmber of teeth on the circle which seemed stationary 
when looked at throngh the tnning fork; thus we spoke of a speed 
24 teeth, 82 teeth, and 60 teeth. To obtain the lowest speed the 
circle containing 60 teeth was looked at over the top of the tnning 
fork, so that only one view for each complete vibration was obtained; 
this was equivalent to a circle of 120 teeth in the ordinary arrange¬ 
ment, which allowed a view for each half vibration, and, consequently, 
the lowest speed was called 120 teeth. The velocity of rotation 
depends, of course, on the frequency of the fork, which varied only 
within narrow limits, and was always very near 68*69. If / denote 
this frequency and N the number of teeth on the stationary card, the 
velocity of rotation « is given by the equation w=45j//N. In the 
“ British Association Bieport ” the speed is always indicated by means 
of the time occupied by 100 revolutions. If T is this time, we find 
T=50!N'//. The following table gives the comparison of «, T, and 
on the supposition that the frequency of the fork was always the 
same and equal to 63'69. 





K’urabep of turns 

N. 

£tf. 

T. 

per second. 

120 .... 

6*670 .... 

94*206 

.... 1*06 

60 .... 

13*339 .... 

47*103 

.... 2*12 

32 .... 

25*011 .... 

25*122 

.... 3*98 

24 .... 

33*348 .... 

18*841 

.... 5*31 


The last column gives the number of turns per second. 

Three speeds were taken on each of the three nights, and one set 
of observations with the lowest speed was secured in the course of 
one afternoon. We obtained in this way three sets for each of the 
two intermediate speeds and two sets for the lowest and highest 
speed. A compa^^ison with the Beport of the British Association 
Committee shows that we do not go up quite to their highest speeds, 
but that on the other hand our lowest speed was considerably below 
the one used by them. In the Beport for the y^r 1863, it is men¬ 
tioned that the forced vibration of the magnet, depending on the 
rotation of the coil, could not be noticed, and it is calculated that the 
amplitude of this vibration was less than of a millimetre on the 
scale. No mention is made of this forced vibration in the Beport for 
1864, although much lower speeds were used during that year. In 
our lowest speed a slight shake of the needle, due to the varying 
action of the currents in the coil, was distinctly seen; but as calcula¬ 
tion showed that the amplitude was only the eighth |^rt of a miDi- 
metre on the scale, no appreciable error is supposed to have been 
introduced by it. The moment of inertia of the suspended parts was 
higher in the experiments made by the British Association, and this, 
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no dontt, is parBy the reason why this forced vibration escaped their 
notice. 


Air Currents. 

It lias already been noticed that air currents in the box containing 
the magnet affected its position to some extent, and we had to 
investigate in how far onr final results might be affected by this dis¬ 
turbance. During the fii^t night (December 2) onr attention had 
not been drawn so mnch as it was afterwards to the effect of these 
air currents. We had previously ascertained, by a series of careful 
measurements, that the rotation of the coil with open circuit did not 
sensibly affect the zero position of the magnet, and we considered it 
sufficient to note the zero as short a time as possible before each set of 
four spinnings. The comparison of these zeros with the auxiliary 
magnetometer showed that during the two hours of experimenting, 
the needle had kept its zero within two divisions of the scale, so that 
the changes during two successive spinnings (generally about five 
minutes) must have been very small. On the second night 
(December 6) however, the zeros were taken at the beginning and 
end of each set of four spinnings, and the disturbance due to air 
currents was found to be of more importance. The following table 
reveals the fact that during a set of spinnings the magnet seems to 
have moved in one direction, but that during the time the coil was at 
rest and the comparison of resistance was made, it went in the opposite 
direction. The numbers given are corrected for changes in the 
direction of the earth’s magnetic force as shown by the auxiliary 
magnetometer. 

December 6. 


Humber of teeth on 

Time. 


Position 

' Approximate 

stationary dicle. 

h. m. 


of rest. 

deflection. 

60 

8 53 

9 12 


?6S-60 

766-35 

218 

32 

9 31 

9 56 


764- 88 

765- 78 

397 

24 

10 9 

10 38 


762-67 

766-48 

514 


Here, then, we have a gradual rise in the zero from one to over 
three divisions during a set of four spinnings. The approximate 
deSection is ^ven in order to give an idea what amount of error the 
uncertainty of the zero might introduce. 

Speciai experiments were now made, and it was found that by 
, a lamp about a foot aud a-half from the magnet box, changes 

liaewiting to eighteen divisions of the scale would be observed; 







133 


1881.] Determination of the Ohm in Absolute Measure, 

greater precautions were taken, in consequence of the experience thus 
gained, to secure the box from the radiation of the lamp and gas jets, 
wbicb could not be dispensed with in the cqnrse of tbe experiments. 
The magnet box was coTered with gold-leaf so as to reflect the heat as 
much as possible. On the last night of work frequent determinations 
of the position of rest were made, hnt in spite of all precautions an 
nnknown canse produced a sudden displacement of five scale divisions. 
The exact time at which this change took place could not be deter¬ 
mined, and two spinnings were therefore rejected. During the 
remainder of the evening the magnet gradually came back to its 
original position. With the exception of the two spinnings just 
mentioned we have not rejected any observations. 

When we come to inquire into the amount of uncertainty to which 
our results are liable, owing to the effects of these air currents, 
we find that it cannot he greater than the more dangerous, because 
less evident, errors to which the determination of our constants (mean 
radius and distance of mirror from scale) are subject. As long as the 
changes of the position of rest take place irregularly, the error would 
tend to disappear in the mean, and the probable error deduced from 
onr experiments would give a fair idea of the uncertainty due to this 
cause. This probable error, as we shall see, is very small. A regular 
displacement of zero in one direction would, however, produce a con¬ 
stant error which would not disappear in the final mean. We have 
some evidence that such a regular displacement has to some extent 
taken place. The comparison of zeros on December 6, as quoted 
above, for instance, shows the position of rest in the course of the 
spinnings shifted towards increasing numbers. Such a shifr, if not 
taken into account, would tend to make the deflections towards 
increasing numbers (positive rotation) appear larger than those 
towards decreasing numbers. This, indeed, was observed. Supposing 
the shift takes place regularly during the time of spinnings we might 
have taken it into account. But the correction which we should have 
had to apply is so small and uncertain that it is doubtful whether we 
should have improved our final result, and it would certainly not have 
altered it within the limits within which we consider it accurate; for 
we find that reducing the deflections on the supposition, 1st, that 
the zero has kept constant; and 2nd, that it has changed uniformly 
during each set of spinnings; the two results agree to within about 
one and a-half tenths of a division, which, even at the lowest, speeds, 
would only make a difference of about 1 in 750, and on the highest 
speeds four times less. The fact that a regular shift in the zero 
position of the magnet affects the mean of four spinnings is due to 
the arrangement of experimenis, adopted during the first two nights, 
in which four rotations succeeded each other in alternate directions. 
If, after a rotation in the positive direction, two negative rotations, 
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followed again by a positive one, bad been taken, a regular displace¬ 
ment sncb as that we are discussing woTild not have affected tbe mean. 
Tbis latter plan was adopted on tbe last night. In tbe measurements 
undertaken by tbe British Association Committee, the deflections in 
one direction were generally greater than in the other, and tbe 
difference was ascribed to a considei^ble torsion in tbe fibre of sus¬ 
pension, which, in order to explain tbe discrepancy, most, as pointed 
out by Rowland, have displaced tbe magnetic axis considerably 
out of tbe meridian. The differences in the readings taken when 
tbe coil was spinning in opposite directions were, on the average, 
about 3 per cent., and amounted in one case to 8 per cent. They 
show no regularity dependent on the speed of rotation. We also 
observed some slight differences of the same nature; but they are 
very small, and always remain within such limits that they may easily 
have been produced by a displacement due to air currents. On tbe 
last night, when more frequent zero readings were taken, the 
differences were, it is true, not much reduced in amount, but their 
sign was reversed. It is, perhaps, worth remarking that, owing to 
tbe absence of any controlling instrument equivalent to our auxibary 
magnetometer, tbe Committee of tbe British Association bad no 
opportunity of discovering tbe prei^nce of these air currents, as any 
dbaages in the zero position would naturally have been ascribed by 
them to a casual changain tbe direction of tbe earth’s magnetic force. 
Owing to tbe different shape and material of tbe box containing tbe 
mirror, it seems possible that tbe effect of air currents may have be©a 
considerably laj^ger than it has been in our experiments. 


Mediicium of Observations, 

8mh Cmrediom, —Tbe first step in reducing the observations con- 
m calculating the value of 2tau^ from the observed deflection. 
The correction to be applied to the reading in order to obtain nnmhers 
proportional to the taints of deflection, if the position of rest of the 
m^et is at tbe centre of tbe scale, would be —dS/4DS; d being tbe 
obeerved reading, and D tbe distance of tbe mirror from tbe scale. If 
tbe zero, however, is at a point 8 of tbe scale, tbe correction become 
—{d—8)(£|+8)-/4B^, where 8 is to be reckoned positive wben in tbe 
same direction as d, Bor tbe higher speeds a second correction, 
to f ds/81^, was applied, which com^ just within the limits of 
accuracy aimed at in tbe actusd readings. Tbe corrected deflections 
80 obtained are equ«d to 2D tan 0. Small errors, due to a fauliy 
^vision of tbe scale, ought also to be applied. It is difficult to obtain 
X proper saale in one piece of sufficient length to be used in these 
experiments; and tbe one in actual use consisted of three parts, 
with caontcbouc cement to a thick piece of deal. ISfo appre- 
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ciable error was introduced by a very slight wai*ping of the wood, and 
the scales were found to be very accurately divided, but the small 
errors existing were corrected; small corrections had also to be 
introduced, which are due to the imperfect joining of the different 
pieces. The combined correction never amounted to more than *15 of 
a division. Each division, as has already been stated, being very 
nearly equal to 1 millim. 

It has already been noticed that the normal to- the mirror pointed 
slightly downwards. The correction due to this want of adjustment 
seems to have been generally neglected, yet it is not altogether un¬ 
important. If jp is the vertical distance between the centre of the 
objective and that point of the scale where it is- cut by the normal 
to the mirror; also if a is the inclination between the normal to the 
miiTor and the horizontal, the correction to be appKed to a deflection d 
is dpatlDj where I> is the distance of the mirror from the scale. In 
our experiments the correction amounted to d X 0*00014, although the 
angle between the normal and the horizontal was only about 14 minutes 
of arc. The correction is positive only if the normal Lies between the 
horizontal through the mirror and the line joining the mirror to the 
cross wires of the telescope. 

Correction for Temperature ,—^We have now to discuss a series of cor¬ 
rections which have to be applied in order to make a comparison of the 
results obtained in difierent spinnings possible. It has already been 
noticed that four spinnings at the same speed were always taken into 
one set. The comparison of resistance at the beginning and end of each 
set showed that during the time of spinning the temperature had 
altered; before combining the mean within each set we had, there¬ 
fore, to correct for the change of temperature. We endeavoured to 
keep the room as much as possible at a constant temperature during 
the experiments; the Lamps used were always lighted nearly two 
hours before beginning, but, in spite of all precautions, the tempera¬ 
ture always rose after we had entered the room and begun to work. 
The thermometer rose at first pretty rapidly through about 1 degree, 
and then rose slowly until at the end of the evening it stood generally 
nearly 2 degrees higher than at first. When the first set of spinnings 
commenced, the rapid rise, as shown by the thermometer in the room, 
had already snbsided; hut, as was to be expected, the temperature of 
the coil was lagging somewhat behind that of the room, and its re¬ 
sistance still rose appreciably. Thus, during the first night, the resist¬ 
ance of the copper coil rose almost *4 per cent, during the course of the 
first set of four spinnings. If thfe curve of temperature of the coil is 
known, there is of course no difficulty in applying the proper cor¬ 
rection. This curve can he obtained approximately by plotting down 
the measured resistances as ordinates with the time as abscissae. This 
was done for all observations made on December 2; but during the 
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sacceeding niglits it was found that the curve could not he snffieientiy 
well determined by the observations, and that the assumption of a 
uniform rise in resistance during the time elapsing between two suc¬ 
cessive measurements would give as good results as the e^eriments 
themselves would aUow us to obtain. The proper determination of 
this correction is a subject to which we shal have to give some atten- 
tioB in iiie more accurate measurements wMcli we have in yiew. At 
pr^nt it will suffice to point out tliat, as far as we can judge, tlie 
error due to uncertainty of temperature is not more tlian *05 percent, 
during the first set of spinnings on each, night. It is much smaller 
in the succeeding sets. It may increase the clearness of this account 
if at this point we give a specimen, worked out in detail, of one set of 
defiections. Let the resistance of onr standard German silver coil, 
which we always have assumed to be at the temperature of the air, 
be called S, and the resistance of the rotating coil 0. A comparison 
by means of the balance shows that 

C=S-4"fl&, 

where a is the resistance of a certain length of the bridge wire, dif¬ 
fering slightly at the beginning arui end of the experiment. 


December 6. 

Number of teeth on stationary circle, 32. 

Comparison of resistance, C=S-b*0225. Time=9^ 17“. 

Position of rest... 766*48, Time=9^ 32“. 

Auxiliary magnetometer .... 26*9. 


Time=. 9^ 37“ .. 9^ 42“ .. 9^ 47“ .. 9^ 53“ 

. 13^*0 .. 13°*0 .. 13°*0 .. 13°*0 

Rotation... negative.. positive .. negative.. positive 


Defiected reading. 367*60 .. 1166*40 366*23 .. 1166*09 

Auxiliary magnetometer.. 27*55 .. 28*24 .. 28*50 .. 28*30 

AnxRmry magnetometer.... 27*2. Time= 9^ 57“. 

Position of rest... 767*08. 

Comparison of resistance, C=S4-*0272. Time=10^ 0“. 

Prom the comparison of zeros with the auxiliary magnetometer at 
the beginning and end of the experiments, we find for the correspond¬ 
ing ridings during the experiments, 766*78 and 27*05. Con¬ 
sidering that increased readings, if the magnet in the coil corre¬ 
spond to decreased readings in the auxiliary magnetometer, we find 
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the following mimbers for the positions of rest during the experi¬ 
ments :— 


Position of rest. 

766-28 

765-59 

765-83 

765-53 

Befiected reading.___ 

367-60 

1166-40 

366-23 

1166-09 

Deflections. 

-398-61 

+400-81 

-399-10 

+400-56 

Scale correction. 

+ 2-08 

- 2-93 

+ 2-08 

- 2-94 

Seduction of temperature 
to Time=9'‘ 37”. 

+ 0-05 

+ 0-05 

- 0*21 

+ 0-35 

Corrected deflection.. 

-396-55 

+397-93 

-397-23 

+397-97 


Mean deflection. 397’42* 

C=S+0-0248. 

Wlien all the spinnings had been reduced in this way, the final cal¬ 
culations for the actual resistance were made. The determination of 
all qnantities involved has been explained, with the exception of the 
measurement of the absolute pitch of the tuning-fork. 

Bnte of Vibration of Tuningfork .—As has already been explained, 
the tuning-fork which was used to regulate the speed was on every 
night compared with a standard fork, and our determinations, there¬ 
fore, all depend on the absolute pitch of this standard fork. The 
method used to determine that pitch has been described by Lord 
Eayleigh,* 

A fork, vibrating about 82 times a second, maintained by means of 
an electric current, and driving a second fork of fourfold frequency, 
was compared directly with the clock. The vibrations of the driven 
fork were simultaneously compared with the standard by counting the 
number of beats in a given time. A few experiments have to be 
made in order to see whether the fork gains on the clock, or vice versd^ 
and also whether the standard vibrates quicker or slower than the 
driven fork. This can be done by gradually shifting weights on the 
driver. The difference in the time of vibration of the clock and 
driving fork was generally such as to give one cycle in between 20 or 
80 seconds. The driven fork gave at the same time from 5 to 11 heats 
per minnte. 

The experiments agreed well with each other, and both the rate of 
vibration and the temperature variation are in close agreement with 
the determinations made hy Professor McLeod and Mr. G. S. Clarkef 
of other tuning-forks which, like ours, were made by Eonig. 

The following series of determinations was made at a temperatnre 
of abont 18® C.:— 


* ” Nature,” xvii, p. 12, 1877. 
t Phil, Trans.” vol. 171, p. 1,1880. 

l2 
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128-179 

■180 

•181 

■179 

•174 

•180 

•189 

•185 

The small discrepancies would very likely be still further reduced 
if greater care was taken to ascertain the exact temperature of the 
fork. As a mean of different sets we find 

Humber of vibrations in 1 second=128-180 for f=13°-0 C. 

128-161 i=14°-6 0. 


From these data and the number of beats counted during each 
course of experiments we can, with the necessary accuracy, determine 
the number of vibrations of the fork, which served to regulate the 
velocity of the revolving coil. 

Calculation of Results.— 'Eot accurate calculation, the expansion 
given in the Report of the British Association is not sufficient. 
Instead of taking into account a greater number of terms, we may 
with equal facility have recourse to the original quadratic equation for 
the resistancd. We find 

[i(l -ftan /t sec 0) + v^;J(H-tan/isec0)2—U tan®^]. 


In this equation, /, as before, is written for the frequency of the elec- 
iadcally maintained fork, and H for the number of the teeth on the 
apparently stationary circle. 


TJ is written for 


2L / 2L 

Vesta / 


The equation is correct if the torsion and de-viation from level are 
taken into account in the value of GK as has been explained. The 
only approximation used in the equation is that of writing tan^ for 

Ol 


GH' 


Results. 

The resulte of the calculation are collected in the following table. 
The first column contains the date on which the experiments were 
made; the second, the speed in terms of the number of teeth on the 
stationary card; the third column gives the deflection corrected for 
all soiie errors and -variations of temperature during eacli set; the 
fourth column shows the value of resistance in absolute measure as 
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obtained by calculation on the assnmption that the coefficient of self- 
indnction of tbe coil is 4*51 Xcentims. This absolute resistance 
refers to the Grerman silver coil, and a small length of the bridge wire 
at a given temperature. As both the temperature and this length 
of bridge wire varied in (ii:fferent expenments, the different results 
cannot be directly compared, but we can easily apply a correction 
which shall reduce the numbers to the absolute resistance of the 
German silver coil at a fixed temperature. The temperature chosen 
was 11°*5 C., which was approximately the lowest temperature observed 
in the course of the experiments. The fifth column contains the 
corrected values, which now can be compared together, and give the 
absolute resistance of the standard coil as observed on different 
occasions, and with different speeds. In the last column the mean 
value for the different speeds is given. In taking these, as well as the 
final mean, it must be observed that the set of observations made on 
December 10 with speed 60 teeth contained only two spins, or half the 
usual number. 


Date. 

Speed. 

No. of teeth 
on stationarr 
card. 

Deflection. 

KxlO-s. 

Exl0~9 

corrected. 

Mean. 

Dec. 7... 
10... 

120 

110 *42 
110*22 

4'5486 

4 *5568 

4 *5419 

4*5309 

4-5364 

Dec. 2 ... 
6...! 
10... 

60 

218 '61 

218 '30 
218*72 

4*5580 

4'5620 : 

4*5531 1 

4'5487 

1 4 -5471 

4-5422 

4 -6467 

Dec. 2...i 
6... 
10... 

32 

397-75 

397*39 

397*26 

4*5639 
4*5672 1 

4 *5687 1 

! 4-5417 

1 4*5415 

1 4 *5448 

4-5427 

Dec. 2 

6 .. 

24 

1 

513 *73 

513 -58 

4 *5719 
4*5734 i 

4*5446 

4*5438 

4-5442 


The mean of all the observations is— 

E=4-5427f!£5L9^^. 

second 

The value of the self-induction which was adopted in these calcula¬ 
tions is slightly smaller than the values calculated by Lord Bayleigh 
and Mr. Kiven. A comparison of the results obtained with different 
speeds shows that the value must be very nearly correct, for there is 
no decided difference between the results. Kevertheless, it seemed of 
interest to calculate the value of the self-induction which best agreed 
with the experiments, and to see whether that value gave an appreciably 
different result for B». 
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We may^ in fact, treat both and L as unkn own quantities, and 
employ the methods of least squares to find out the most probable 
Taiues. We use for this purpose the approximate values already found, 
and find the most probable corrections to them. Neglecting the small 
corrections for torsion,, magnetic moment, and level, and writing 
P=2By GrKtt?, we find for the quadratic which determines B— 


F^-Pcot^-i-U=a, 


where U as before is written for 


2L / 2L 
GK \GK 



We find approximately by differentiation, remembering that 
dP/P=dB/B, 

dR/1 3TJ\ dU 

We may consider dB/B and dU to be the unknown quantities to be 
determined. The coefficients with which they are multiplied are known 
with sufficient accuracy, d tan 0 is found for each observation by put¬ 
ting dU=0 and dB equal to the difference between the value of B cal¬ 
culated by means of that observation, and the value of B provisionally 
adopted. The usual methods to form the normal equations wore 
employed. We find in this way— 

B=:10» X (4-5483±0-0019) 

L=107x(4-5130±-0110) 


It is satisfactory to note that the final value of R derived with the 
aid of the theory of probability is practically identical with the mean 
value directly calculated from our experiments with 4*51 x'lO^ as 
coefficient of self-induction. A remarkable agreement is shown 
between the value of this coefficient of self-induction best fitting our 

experiments..... 4*5130 x 107 

and the valne calculated from the dimensions of 

the coil .... 4*5145 x 107 

The large probable error, however, shows that the agreement"is 
partly accidental. 

To give an idea of the accuracy with which R has been determined 
by means of our experiments independently of constant errors, it may 
he mentioned that the probability of our value being wrong by one in 
a thousand is only one in ten, while the experiments made by the 
British Association give an even cbance for tbe same deviation. 

It only remains to determine the resistance of the Grerman silver 
stedard in ohms at a temperature of 11®*5 C. 

Wa had at our disposal the original standards prepared by the 
Cfewfflurfefeee of the British Association. These are very nearly equal 
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at the temperature at whicli they are supposed to be correct^ and the 
ohm as determined bj the Committee is, of course, nncertain within 
the limits within which the standards differ, but for our present pur¬ 
pose these may be considered identical. The coils were carefully 
compared by Mr. Fleming, who also determined their temperature 
coefficient. One coil in a flat case (hence called the “ flat coil which 
had the smallest temperature coefficient, and supposed to be right at 
14®*8 C., was taken at that temperature as the true ohm. Six of the 
standards were so arranged and joined together by means of mercury 
cups, that four were in a row, and the remaining two in double circuit, 
the whole system of coils being thus equivalent to about 4’5 ohms. 
Our standard German silver was nearly 4*6 ohms. As the dif¬ 
ference was too great to allow a direct comparison by means of Mr. 
Fleming’s bridge, a piece of German silver wire was prepared so as to 
have a resistance of *1 ohm *, this could easily he done within the required 
limits of accuracy by means of a set of resistance coils belonging to 
the Lahoratoiy. Having thus a set of resistances very nearly equal 
to the one to be measured, a series of experiments was made on two 
successive days. Knowing all the temperature coefficients, we could 
easily reduce the measurements to ohms. Four different experiments 
gave for the German silver standard at 8® *5 C.— 

4*5902 

4*5896 

4*5869 

4-5879 

4*5890 

Mean=4*5887 

Assuming the German silver to vary 4*4 per cent, for 100® C., we 
find for OUT standard at 11®*5 C. 4*595 ohms. We have hitherto 
neglected to take account of the resistance of the two stout copper 
rods which connected the rotating coil with the resistance bridge. 
This resisiance was determined by Mr. Fleming to be *003 ohm. To 
make matters equal, we ought to have added that resistance to the 
British Association standards in comparing them with the standard 
used by ns, and we should then have found that the absolute resistance 

found by ns to be equal to 4*543 equal to 4*592 

second 

ohms. 

From this we calculate that the ohm as fixed by the Committee of 
the British Association is— 

*9893 quadrant 
second ’ 

this being the final result of our experiments. 
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11. “ On the Structure and Development of the Skull in Stur¬ 
geons {Aeipenser ruthenus and A. sturio)J^ By W, K. 
Pabker, F.R.S. Beceived April 14, 1881. 

(Abstract.) 

Since the publication of my paper on the skull of the salmon, a 
Tehostem fish, I have made many efforts to obtain early stages of the 
Gamid types. Until the last two years, however, I have failed. At 
l^t, I have been taken almost by surprise by the kindness of Professor 
W. Salensky, of Kasan, and of Professor Alexander Agassiz, of 
Harvard College, Cambridge, Mass. The former has supplied Mr. 
F. M. Balfour and myself with a number of bottles of early stages of 
the sterlet (^Aeipenser ruthenus)^ whilst from Professor Agassiz we 
have received ffty-four bottles of fecundated eggs and embryos of 
various sh^es of the Lepidosieus. 

Mr. Balfour’s researches on the early stages of the sterlet, supplement¬ 
ing those of Professor Salensky, will appear immediately in the second 
volume of his work on Comparative Embryology,” and the resnlt of 
his r^earches on the development of the Lepidostem, in which he was 
assisted by one of my sons, will be sent to the Boyal Society towards 
the fall of the present year. That paper, now far advanced, will 
be acsoompauM by one, already written and ready for publication, by 
me, on development of the sknU in the same species of G-anoid 
%di. 

I had long ago received from the late Mr. Wm. Lloyd a nnmber of 
young sturgeons of the common kind, but the smallest of them was 
7 inches long; the laigest of the larvae of the small Russian species 
was only seven-twelfths of an inch in length. 

Tei, n<^witl]®tandmg the small size of these larvae, their develop¬ 
ment had advanced very greatly and the cartilaginous framework was 
in a state of iimipient completeness. Any little difficnlty felt on step¬ 
ping from the structure of specimens seven Urns long to those seven 
im^&s long was done away with by the means at hand of comparison 
of the two typ^ of Ganoids, namely Aeipenser and Lepidosteus ; for of 
the latter my specimens were vmy numerous and in every desirable 
stage. 

Of the fry which’ Professor A. Agassiz and his talented assistant, 
Mr. B. Garman, had succeeded in rearing, many had reached to the 
Imgidi of an inch, and were pretty exact miniatures of their parents. 
Ihii^ brides these, I have received from Professor Burt Wilder, of 
University, Ithaca, Ma^., II.S., some specimens of Lepidosteus 
fmm 1 to 4| inches in length. 
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We liave tlius been breaking gronnd, ratber acfcirely, among tbis 
mosfc important and almost extinct “order” of fisbes; a very im¬ 
portant addition to tbe work will soon come to band, namely, a 
memoir by Professor Traqnair, on tbe adult skull of Lepidost&iis. 

I mention these details to show that biologists are working with a 
will, and working as yoke-fellows; and no doubt remains with me as 
to tbe result of sucb co-operation. 

I must refer tbe reader to Professor Salensky’s inyaluable work on 
tbe development of tbe sterlet (Kasan, 1878), unfortunately published 
in Russian^ and to tbe second volume of Mr. Balfour’s work, for an 
account of tbe earliest stages of tbe A.cvpenserine embryo. 

Even in larvae one-third of an inch in length, tbe cartilage was 
becoming consolidated, and I was able to work out, by sections and 
dissections, tbe structure of tbe cranium and visceral arches; tbe 
one specimen which was seven-twelfths of an inch in length, and which 
was made into a large number of extremely thin sections, left nothing 
to be desired. 

As I hope for an early publication of the present paper, I shall not 
enter very largely into details; they can only be followed, profitably, 
by help of tbe numerous illustrations. 

The development of tbe skull of tbe sturgeon is very similar to 
what we find in tbe sharks and skates (“ Selachians ”), but the sus¬ 
pension of both tbe mandibular and tbe hyoid arches by one pier, 
derived from tbe hyoid (tbe hyostylic skull), which is seen in the 
Selachians on one band and on the Holostean Ganoid and Teleosteans 
on tbe other, attains its fullest development in tbe “ Acipenseridse,” 
or Chondrosteous Ganoids, for in them the “symplectic” is a 
separate cartilage, and not a mere osseous centre as in Lepidostms and 
the Teleostei. 

Here I find a very noticeable &ct, namely, that whilst in the 
salmon tbe metamorphosis of the simple primary arches of tbe face 
can be followed step by step, in the sturgeon the peculiar modification 
of tbe arches shows itself during chondrification; the hyoid arch, from 
the first, is inordinately large. 

Notwithstanding tbe huge size of tbe subdivided hyoid pier, its 
head only articulates in the larva with tbe auditory capsule; later on 
the basal cartilage reaches it, as in the Selachians. 

But tbe arches that retain their normal size lend no colour to tbe 
theory that the visceral arches are related by their dorsal ends to the 
paired cartilages that inv^t the notochord, a state of things like that 
seen' in tbe ril^ and in tbe superficial cartilaginous hoops that sur- 
jxjuud tbe huge pharynx of tbe lamprey. 

Mr. Balfour has demonstratively shown that in tbe branchial region, 
when tbe plenro-peritoneal caviiy has been subdivided by tbe bypo- 
blastic outgrowths of tbe pharynx, tbe aortic arches lie indde the 
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small tempoi^rj ‘‘ bead cavities,” or remnants o£ the once continuous 
subdivision of the body wall into an inner layer, the “splanchno- 
plenre,” and an outer layer, the “ somato-plenre.” 

Bnt the aortic arches mount up, on each side, outside the proper 
branchial arches, which become grooved to receive them; these 
arcl^s must, therefore, be considered as developments of the tem¬ 
porarily separate “ splanchno-plenre ”; they cannot be classed with 
the cmM arches, which are developed in the permanently distinct*. 
“ somato-plenre.” 

My dissections and sections, both of this type and of the Selachians, 
show, without leaving room for doubt, that all the visceral, or, properly 
speaking, hrancMcd arches, mandibular, hyoid, and post-hyoid, (bran¬ 
chial proper) are developed in the outer walls of the large respiratory 
pharynx, quite independently of the base of the skull and the fore 
part of the spinal column. 

I have, at last, ceased to contend for true branchial or visceral 
arches in front of the mouth, and also to look upon the mouth and the 
openings around or in front of it as more than mere involutions of the 
epdblast; the first cleft is that between the mandible and the hyoid 
arch, the first arch is the mandibular. 

With regard to the skull, it is now very evident that the “ trabeculse 
cmnii,” evm in their furthest growth forwards from the end of the 
cephalic notochord, are merely foregrowths from the moieties of the 
inviting mass (the parachordals), the true axis of the cranial skeleton 
ending under the fold of the mid-brain. The “ cornua ” of the trabeculae, 
and the ** intertrabecular ” part or tract, are fresh shoots, so to speak, of 
aartilage that are sp^uaily developed to finish the cranial box and the 
inlemasal j&amework. I fear that my long-cherished pre-oral visceral 
ardbes will now have to go down and take their place among these 
seeondazj or adaptive growths. 

I may remark, in concluding this very imperfect abstract, that the 
eiiurgeon is a very important type for the morphologist to get clear 
l%ht upon. 

In Selachians the huge pterygoid foregrowth of the mandibular 
aidb aborts the apex of its pier, the function of which is supplied by 
hyo-mandibular; fragments only are developed in its upper part. 

In the sharks from one to three mere “ rays ” are developed in front 
oi mall upper remnant of the first cleft (“ spiracle ”) ; in skates 
is, as a rule, a small separate pie<^, the true apex of the arch, 
iis ^ pedidb.” In one kind, howevmr, the torpedo, four such fragments 
tffear on eadh mde, as shown by G^nbaur. In the sturgeon there 
IS a nmal rem^arkalile plate in the common metapterygoid region, its 
^ is Amboidal; it is aompcNsed of a number of well-compacted 
fifiiii of carriage, a middle s^^ of axggom plates, and a some- 
lAai mnmiigement of plat^ right and left of th^. This 
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remarkable structure only exists in tbe Acipenseroids; it is not found 
in Polyodon, 

In tbe SelacMans the “ placoid ” plates or spines are not brought 
under the influence of the chondrocranium, which has neither parosteal 
plates applied as splints to it, nor ectosteal plates grafted upon it. 

In Acipenser there are both parostoses applied to the oral apparatus, 
and ectosteal centres in the post-mandibular arches; moreover, along 
the side of the skull, in old individuals, plates of bone appear as these 
splints or parostoses, that are manifestly the forerunners of the deeper 
plates that, in the higher Ganoids and the Teleostei, form the proper 
ectosteal bony centres of the more or less ossified cranial box. 

The Ganoid scutes of the sturgeon are so far dominated by the 
huge chondrocranium, that, by courtesy, they may be called frontal, 
parietal, opercular, and the like; of course, such scutes are not the 
accurate homologues of the bones so named in the Teleostei, which, 
at the most, can only oorrespond to the inner layer of the scute of 
such a fish as the sturgeon. 

The sturgeons, as a group, cannot be said to lie directly between 
any one family of the Selachians and any one family of the Bony 
Ganoids, yet, on the whole, that is their position; the Bony Ganoids, 
on tbe whole, approach the Teleostei, especially such forms as Lepu 
dosteus and Amin, which have lost their “spiracle,” and in other 
things are less than typical, as Ganoids. 

Larval sturgeons are, in appearance, miniature sharks; for a few 
weeks they have a similar month, and their lips and throat are beset 
with true teeth, that are moulted before calcification has fairly set in. 
Their first ^lls are very long and exposed, but not nearly so long, or 
for such a time uncovered, as in the embryos of sharks and skates. 


ni. On tbe Estimation of the Amylolytic and Proteolytic Ac¬ 
tivity of Pancreatic Extracts.” By William Robjeets, 
M.D., F.R.S., Physician to the Manchester Royal Infirmary 
and Professor of Clinical Medicine in Owens College. Re¬ 
ceived April 23, 1881. 

The degree of activity possessed by preparations of the soluble 
ferments cannot be ascertained by direct weighing and measuring. 
The agents to which they owe their power have in no case been 
obtained in a state of isolation and purity. These agents are known to 
be indissolubly united with some form of albuminoid matter, and we are 
constrained to speak of them as if they really were albuminoid bodies. 
But their mode of action suggests an affinity with the imponderable 
forces, and points to the conclusion that Ihe relation which these 
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scents bear to tbeir organic substratum is analogous, or at least com¬ 
parable, to tbe relation subsisting between a mass of protoplasm and 
the vital endowments with which it stands possessed. 

The activity of preparations of the soluble ferments can only be 
gauged by their capacity for work. Rut inasmuch as there is in them 
no power of growth and multiplication, the amount of energy with 
which they are endowed is strictly limited, so that when the capacity 
for work existing in a given liquid or solid preparation of one of these 
ferments has been ascertained, and has been put into due expression, 
the amount of energy in a certain quantity o£ the preparation can be 
counted in grams or cubic centimetres like that of any other chemical 
agent. 

The term ferment has, up to this time, been applied in common to 
two groups of agents, which, although nearly allied both in their 
origin and in their mode of action, belong to essentially distinct 
categories. The organised or formed ferments, of which yeast is 
the type, are independent organisms with powers of growth and 
reproduction; and the transformations which constitute their special 
characteristics as ferments are inseparably associated with the nutri¬ 
tive operations of these organisms. The ferment-power cannot be 
separated from the ferment-organism by any method of filtration, nor 
by any solvent. Tbe soluble ferments, on the other hand, pass freely 
into solution in water—their action is dissociated from the life of the 
gland-cells which produced them—and they are wholly devoid of the 
power of growth and reproduction. 

Kuhne has proposed to distinguish the group of soluble ferments by. 
Mie name of “ enzyms.” I would suggest the desirability of adopting 
Hiis term into English, with a slight change of orthography, as 
enzymes,” and also of coining from this root the cognate words 
whidi are requisite for clear and concise description. The action of 
an emjme may be designated enzymosis, and the natnre of the action 
may be spoken of as enzymic. In the present paper I shall venture to 
employ these terms in the sense here indicated. 

The pancreas is known to be tbe source of two ferments or enzymes, 
of capital impoiimaoe in the digestion of food, namely, an amylolytic 
mazyme, pancrmiw dmsiase^ and a proteolytic enzyme, tryysin. It is 
also kxiown that the pancreas tak^ an important share in the diges- 
Imn of fats, but it is doubtful whether its power in this respect is dne 
to an enzyme or to an agency of a different character. The present 
paper concerns itself ^iely with the amylolytic and the proteolytic 
femctions of the pancreas. 

iBdimaihn o/lib ArnyUlyiiG Activity of Tancreatic Extracts-- 
JMctsiasimetry. 

the most accurate mode of estimating the activity of a 
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diastase solution is to ascertain tlie amount of sugar produced wlien a 
given quantity of tiie solution is made to act on a given volume of a 
standard starch mucilage, for a fixed time and at a fixed temperature. 
Tliis method has already been recognised by Mr. H. T. Brown and 
Mr. J. Heron in their paper on the transformation of starch by malt 
infusions.* Kjeldahl has developed this method to a further point, 
and has used it to measure the comparative activity of malt infusions 
and of saliva.f 

In the method about to be described, a simpler and speedier pro¬ 
ceeding was employed, and the results were so brought out as to indi¬ 
cate absolute as well as comparative values. In principle the method 
consists in ascertaining the quantity of starch mucilage of known 
strength which can be transformed, by a unit measure of a diastasic 
solution, to the point at which it ceases to give a colour reaction with 
iodine, in a unit of time, and at a fixed temperature. 

When starch mucilage is treated with extract of pancreas, or with 
any other diastasic solution, the mixture progressively loses its pro¬ 
perty of giving a colour reaction with iodine. First the blue reaction 
of unaltered starch passes away, then the brown and yellow reactions 
of dextrine successively disappear. It is not difficult to fix, with a 
fair amount of accuracy, the vanishing point of this reaction. This 
point may, for our present purpose, be called the acJiromic yoint. 

The extract of pancreas employed in these observations was prepared 
by digesting fresh pancreas, freed from fat and chopped up, in four 
times it weight of dilute alcohol, containing 25 per cent, of rectified 
spirit (sp. gr. 0'838). The digestion was continued for four or five 
days, with occasional agitation. The mixture was then filtered throngh 
paper. Filtration is much facilitated by tbe addition to the solvent of 
0*02 per cent, of acetic acid (containing 28 per cent, dry acetic acid). 

The standard starch mucilage was made from potato starch. Owing 
to the large size of its granules, potato starch is easily obtained in a 
state of great purity, by repeated levigation with water, and after¬ 
wards drying the product at 40° C. J The mucilage was made of the 
strength of 1 per cent., and in the following manner: 5 grms. of 
start‘.h w^ere well stirred np into a thin mud with 30 cub. centims. of 
water, and then poured in a slender stream into 470 cub. centims. of 
briskly boiling water. The mixture was stirred and allowed to boil 
for a few seconds. Thns prepared tbe mucilage is perfectly smooth 
and uniform, and is so diffluent that it can be measnred out like an 
ordinary liquid. This is known iu the present paper as the standard 

* “ .Toumal of the Chemical Society,” September, 1879. 

t “ Compte Kendu des Travaux du Lahoratoire de Carlsberg,” 1879, p. 129. 

X The so-called pure starch of the shops is worthless for the purposes of diastasi- 
metiy. A supply of pure potato starch may be obtained from Mottershead & Co., 
Chemists, Manchester. 
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siaroh mucilage. It should be used fresh, for it is apt to change in a 
few days, and to lose its opalescent appearance, and slight muculagi- 
nous consistency. When thus changed it is found to contain sugar. 
So long as it maintains its slight opalescence and slight mucilagi¬ 
nous character it is fit for use. 

The iodine solution used in the testing was composed of 1 part of 
the Liquor lodi of the British Pharmacopoeia, diluted with 200 parts of 
water. 

In determining the data on which is based the method of diastasi- 
metry here proposed, it was necessary to ascertain the mutual relations 
in regard to the amylolytic process of three factors, namely, the 
quantitij of pancreatic extract set iiT action, the time required to reach 
the achromic point, and the temperature at which the enzymosis was 
carried on. 

Quantity and Time .—^The amount of amylolytic work done by a 
given sample of pancreatic extract is strictly proportional to the 
quantity of it set in action—in other words, the amount of the 
standard starch mucilage which can be changed to the achromic 
point in a given time and at a given temperature, varies directly 
as the quantity of the extract employed. This law of proportionality 
may probably be regarded as fundamentally applicable to the action 
of all enzymes, which, having no power of growth or multiplica- 
^on, conform in this respect to the common law which governs the 
action of ordinary chemical agents. The rule is, however, liable to 
interference if the products of the enzymosis accumulate in the solu¬ 
tion to such a degree as to hamper the action. In the conditions 
observed in the following experiments this interference did not arise. 
The starch mucilage operated on was exceedingly dilute, and con¬ 
sequently the sugar and dextrines produced in the transformation 
nevcfT accumulated to such a degree as to check the enzymosis. 

In the action of all enzymes the element of time is an essentially 
important factor. An enzyme liberates its energy gradually, in suc¬ 
cessive portions, and it takes a comparatively long time to exhaust 
itself completely. I found that pancreatic diastase, in the presence of 
excess of starch mucilage, took not less than forty-eight hours to 
completely exhaust itself at the temperature of 40° C.—(“ Lumleian 
Lectures” for 1880, On the Digestive Ferments,” p. 38). 

The fundamental rule which governs the mutual relations of quan¬ 
tity and time in the action of an enzyme is that of inverse proportion. 
That is to say, that double tbe quantity of an enzyme will do a given 
amount of work in half the time, and that half the quantity will 
iwqtdre double the time. This rule, however, is apparently controlled 
hj another rule, namely, that an enzyme liberates its energy at a pro- 
reiardtd rate. If we conceive an enzyme as a body in a 
liato ii4 tension, charged with a certain amount of dormant energy, 
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we can fnrilier conceive tbat in action it will discharge tins energy 
gradually, and also at a rate which is continnally diminishing. Snch 
a conception will, I think, enable ns to understand some features in the 
action of diastase and trypsin which are otherwise difficult to explain. 

In regard to the action of pancreatic extract on starch mucilage, the 
rule of inverse proportion between quantity and time was found to hold 
good within considerable limits, as the following experiments show:— 


Table 1. 

Experiments showing the inverse proportion between quantity and 
time in the action of pancreatic extract or starch mucilage. The 
quantity of the standard mucilage acted on in each experiment was 
10 cub. centims. diluted with water up to 100 cub. centims. Tem¬ 
perature 15° C. The ‘^calculated” time in the third column was 
obtained by taking the ihiddie observation to each set as a standard of 
comparison. 



Quantity of pancreatic 
extract employed. 

Time in wbich the achromic point 
was reached. 

Found. 

Calculated. 



0 *02 cub. centim. 

34 minutes 

36 minutes 



0*04 


18 „ 

18 „ 

I.^ 


0*08 


9 ,, 

9 „ 



0*10 

s» 

? « 

n „ 


L 

0*20 


3 ,3 

H „ 



0*4 


4| „ 

5 „ 

n...J 


0*2 


30 „ 

10 „ 



0*05 


40 „ 

1 

40 „ 


In both sets of observations the inverse time-rate is seen to come 
out true with almost mathematical accuracy. 

When, however, a relatively small quantity of pancreatic extract 
was employed, and the time required to reach the achromic point 
was, in consequence, considerably lengthened, it was found that the 
advent of the achromic point was postponed beyond the term indi- 
OEtted by the rule. If the period occupied in reaching the achromic 
point fell within the compass of an hour, and the temperature was 
low, as in the observation just recorded, the inverse time-rate came 
out true, but when the period of action extended to several hours and 
the temperature stood higher, the departure from the rule was un¬ 
doubted, The annexed table gives the results of an experiment made 
with a view of testing this point. 
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Table n. 

’ Experiments showing the postponement of the acbromio point when 
the action is protracted. The quantity of standard mncilage acted on 
ill each experiment was 10 cnb. centims. diluted with water up to 
100 cub. centims. Temperature 40^ C. The “ calculated ” time in the 
third column was obtained by taking the first observation, which was 
several times repeated, as a standard of comparison. 


Quantity of pancreatic 
extract employed. 

Time in which the achromic point 
was reached. 

Found. 

Calculated. 

0’05 cub-centim. 

0 '005 „ 

0*004 „ 

0 *002 „ 

0 *0005 „ 

10 minutes. 

115 „ 

140 „ 

300 „ 

1,380 

100 minutes. 

125 „ 

250 „ 

1,000 „ 


It need scarcely be said that when the enzymosis is very slow it is 
not possible to fix the vanishing point of the colour reaction with the 
same precision as when the action is more rapid and the change more 
abrupt E’otwithstanding this source of error, I think the conclusion 
indicated by the experiments may be relied on. The postponement of 
the achromic point shown in the table may be explained, as has been 
suggested, on the assumption that the enzyme liberates its energy at 
a continually retarded rate. In the case of trypsin, we shall see 
evidence of a precisely parallel phenomenon. 

Temyeraiure .—The action of paucreatic diastase on starch mncilage 
was found to increase in energy (or speed) from zero np to 30° C. 
From this point to 45° the rate of action continued steady, showing a 
range or platform of indifferent temperature extending from 30° to 4*5°. 
Above 45"' the action became less and less energetic, and finally ceased 
between 65° and 70°. The following table exhibits the results obtained 
at various temperatures between 5° and 70°. 


Table III. 

Showing the effects of temperature on the action of pancreatic 
diastase; the amount of the standard mncilage acted on in each experi- 
miait was 10 cub. centims. diluted with watesu* up to 100 cub. centims, 
of peiucreatic extract employed in each experiment was 
#*1 mh, oentim. 
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Temperature. Achromie point readied iu 


C. 


10 . 

. 18 

1J 

15 . 

. 12 

J» 

20 . 

. 8 

JJ 

25 . 

. 6 

s» 

30 . 

..... 5 

79 

40 . 

..... 5 

9f 

45 . 

..... 5 

19 

60 . 

. 7 

11 

55 . 

. 10 

11 

60 ....... 

. 40 

91 

65 . 


70 . 



These results, thrown into the form of a curve, are shown in the 
subjoined diagram. The ordinates indicate the diastasic value, or D, 
as ealenlated by a method to be presently explained; the abscissae 
represent the temperatures. 



Curre illustrating the effect of temperature on the action of pancreatic diastase. 

Jfode of pTOceediTig. —^In testing the activity of a sample of pan¬ 
creatic extract, it was found on the whole more convenient to operate 
on a fixed quantity of the standard mucilage, and to vary the qnantity 
of extract added to it, than to proceed contrariwise. The bulk of 
liquid operated on was thns kept constant. The ordinary proceedh^ 
was as follows: 10 cub. centims. of the standard mucilage were mix^ 
in a beaker with 90 cnb. centims. of water. The mixture was then 
warmed to 40° C., or at least to some point well within the range 
of indifferent temperature extending from 30° to 45° This was done 
in order to eliminate the disturbing influence of temperature. The 
next step was to add the determined quantity of the extract to be 
tested to the diluted mut^lage, and to note the exact time. Then, at 
dimrt intervals, a drop of the enzjmosmg liquid was placed on a white 
dab, or plate, with a drop of the iodine solution. The time and result 
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of eacb testing was noted. When the achromic point was reached the 
time was marked, and the interval from the commencement of the 
experiment was computed. If at the end of three minutes the 
mixture still gave the blue reaction of unaltered starch, a new experi¬ 
ment was made, using two, three, or four times the quantity of extract. 
If, on the other hand, the achromic point was reached in less than two 
minutes, a new experiment was made, using a smaller quantity of 
the extract. Two or three experiments generally sufficed to determine 
the quantity of extract required to bring the achromic point within a 
period ranging from two to ten minutes. A final control experiment 
enabled the operator to fix the achiomic point somewhere between 
four and six minutes. The accuracy of the method depends chiefly on 
the sharpness and precision with which the occurrence of the achromic 
point can be determined. If it occur earlier than two minutes, tbe 
transition is too rapid for exact observation and record. On the other 
hand, if it occur later than fifteen or nwenty minutes the transition is 
too gradual for precise limitation. The most satisfactory results are 
obtained when the achromic point falls between fonr and six minutes. 

The following example will serve as an illustration of the way in 
which the experiments were carried out, noted, and expressed:— 

Table lY* 

10 cub. centims. standard starch mucilage-|-90 cuh. centims. water 
-f 0*1 cub. centim. pancreatic extract—at 40° C. 

Tim®. Beaction mtb iodine. 

10.30 A.M. ...... Commencement of experiment. 


10.31 

f» • • * 

... Blue. 

10.32 


- Yiolet. 

10.33 

,, . . . 

... Brown. 

10.34 

» • “ • 

,... Yellowish-brown. 

10.35 

„ . . . 

- Pale yellow. 

10.36 

. . . 

.... INo reaction—acbromic point. 


0 minutes. 

Achromic point reached in 6 minutes. 


Tlie result of the experiment was expressed in the first instance as 
follows: 0-1 cub. centim. p increatic extract + lU cuh. centims. standard 
mucilage = 6 minutes at 40"" C. 

From this somewhat incongruous expression it is however easy to 
extract by a simple formula a corrvct and convenient expression 
for the diastasic value of any amylolytic solution. 

Mode of Caleuliiiifiij and En^rcssing the Diastasio Value. 

The principle of the method consists, as already stated, ilfa^pteuuDg 
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the amount of starcH mucilage of known strengtli wMcli can be trans¬ 
formed bj a unit measure of tbe diastasic solution to tbe point at wMcb 
it to give a colour reaction witb iodine, in a unit of time and 

at a given temperature. 

in reducing this principle to a definite formula it was necessary to 
oboose arbitrarily a unit of measure and a unit of time. The unit of 
measure fixed on was 1 cub. centim., and the unit of time 5 minutes. 
These selections seemed, on the whole, the best adapted for furnishing 
a convenient scale. On these bases the formula took the following 
form: the diastasic value of any solution—or D—^is expressed by the 
number of cubic centimetres of the standard starch mucilage which can 
be transformed to the achromic point by 1 cub. centim. of the solntion 
to be tested in a period of five minutes at a given temperature. 

In the process of testing the quantity of the standard mucilage was 
made constant, namely 10 cub. centims., and the quantity of pancreatic 
extract and the time were made variable. In order to get the value 
of D the results must be so transformed as to make the quantity 
of extract and the time constant, and the quantity of the standard 
mucilage variable. This is accomplished by increasing or reducing the 
q[uantity of pancreatic extract employed to 1 cub. centim., and in¬ 
creasing or diminishing the standard mucilage in the same proportion 
The product thus obtained is again increased or reduced in the same 
proportion as is requisite to increase or reduce the time found to five 
minutes. Taking the example above given, the value of D is obtained 
by the following formula: Let p signify the quantity of pancreatic 
extract employed, and m the number of minutes required to reach the 
achromic point, then:— 

i2xi-=D, 

jP ^ 

and in the above example— 

D=;^x|=83at40° C. 
uT 6 

The value of D, as already explained, signifies the number of cubic 
centimetres of the standard starch mucilage which can be changed to 
the achromic point by 1 cub- centim. of the diastasic solution in five 
minutes at a given temperature. As the standard mucilage contains 
1 per cent, of dry starch, the value of D divided by 100 gives us the 
same value in terms of dry starch, and the result of the above experi¬ 
ment may be read as follows:— 

D=83=0‘83 grm. of dry starch. 

# 

This method of diastasimetry is equally applicable to saliva and 
malt-diastase. It may also be applied to the estimation of the 
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agent wMch is present in urine, and presumably to all dias- 
tasic solutions. In tbe case of solid preparations containing diastase 
like malt or glandular tissue—a solution in known propoitions must 
first be prepared; and from tbe ascertained activity of sucb solution 
tbe proportionate activity of tbe solid substance can be easily calcu¬ 
lated. I may here mention some of tbe results wbicb this method bas 
already yielded. 

Pancreatic Tissue.^Uhe pancreatic tissue of tbe pig (obtained from 
animals killed for tbe market in tbe fasting state) yielded an extract 
wbicb, wben made on tbe large scale, possessed a mean diastasic value 
of 100. This extract is sent out by IMr. Benger, of tbe firm oF 
Hottersbead and Co., Chemists, Mancbester, under tbe name of 

Liquor Pancreaticus,’’ and is made in tbe proportion of one part of 
pancreatic tissue to four of solvent (water containing 25 per cent, 
rectified spirit). Tbis value indicates that 1 grm. of tbe moist pan¬ 
creas of tbe pig is capable of transforming 4 grms. of dry starcb to 
tbe point at wbicb it no longer gives a colour reaction witb iodine, in 
bve minutes, at a temperature of 40° G. 

Tbe pancreatic tissue of tbe ox and sbeep yielded an extract (made 
iu tbe same proportions) wbicb was of far inferior activity. Tbe o:| 
extract bad a diatasic value of about 11 and that of tbe sbeep of about 
12. These numbers indicate that in point of diastasic activity tbe 
pancreas of tbe pig bas ten times tbe value of tbe pancreas of tbe ox 
and sbeep. Tbis extraordinary difference is probably linked witb tbe 
diversity of tbeir food. Tbe pig is fed largely npon potatoes and 
meal, wbicb are rich in starcb; tbe ox and sbeep, on tbe other band, 
feed on grass, wbicb is poor in starcb. We shall presently find that 
there is no sucb difference in regard to tryptic activity in tbe pancreas 
of these animals. 

Human Snlim .—Filtered saliva was found to have a diastasic value 
varying from 10 to 17 at 40° C- Its action was influenced by tempera¬ 
ture exactly in the same manner as that of pancreatic extract. It 
increased in energy up to about 30° C, continued steady from this 
point "CO about 45°, and then declined, being finally extinguished 
between 65° and 70°. 

Malt IXastase .—Infusions of malt made in tbe proportion of one part 
of crushed malt to four parts of water, exhibited a diastasic value of 
4 to 5 at 40° 0. But malt diastase did not attain its maximum activity 
at tbis temperature. It continued to increase in energy up to about 
60° C., wben it showed a diastasic value of 10. Above 60° tbe action 
diminished in energy, but did not come to a full stop until tbe tempera- 
tare approached 80° C. 

Muman TTrine .—Several specimens of healthy mine were tested by 
method. They showed a diastasic value varying from 0*03 to 0 13^ 
pi 40^ C. Tbe effect of temperature thereon was not examined. 
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EBiimatim of the Proteolytic Actimty of Pancreatic Extracts — Trypsiimtry, 

The writer had foimd in preTions inquiries that when milk is sub¬ 
jected to digestion with pancreatic extract, a striking change takes 
plaOan it at an early stage of the process. The milk acquires the pro¬ 
perty of curdling when boiled. The onset of this reaction occurs at an 
earlier or at a later period according to the activity of the extract and 
the quantity of it employed; and it is possible to fix the time of its 
advent with considerable accuracy—sufficient accuracy to serve as the 
basis of a method of measuring the proteolytic activity of pancimtic 
•extracts. 

The reaction in question depends on the production, as a first step in 
the pancreatic digestion of casein, of a modified form of that body 
which I have named metacasein. This substance resembles casein in 
being curdled by acetic acid in the cold; hut it differs from casein in 
being also cnrdled by simple boiling. These two reactions together 
distinguish metacasein from other proteid bodies. 

The properly of curdling when boiled, which may be called the 
metacasein reaction, continues observable in mOk undergoing tryptic 
-digestion until near the termination of the process; it then disappears 
somewhat abruptly, and the milk, when boiled, remains fluid just as it 
did at first. 

We may, therefore, speak of the onset point of the metacasein reaction, 
and of the vanishing point of the metacasein reaction. These two 
points mark respectively the initial and the terminal limits of the 
principal phase in the digestion of milk by pancreatic extract. 

Before the onset point of the reaction—that is, distinct and un¬ 
doubted curdling—is actually reached, its approach is indicated by an 
appearance of soiling of the sides of the test-tube in which tbe milk 
has been boiled. This appearance is due to incipient coagnlation, 
which presently developes into pronounced curdling, and is a useful 
sign in testing to indicate the coming on of the metacasein reaction. . 

The following typical experiment may serve to give the imder a 
clear notion of the succession of events—so far as they concern us 
here—which occur when milk is submitted to digestion with pan¬ 
creatic extract. 

Table Y. 

4 cub. centims. pancreatic extract added to 50 cnh. centims. milk 
dilnied with water to 100 cnh. centims. Temp. 18° 0- 

Time. Eeaction on boiling.^ 

2 minutes .. Ko change. 

3 „ .. Slight soiling of the sides of the test-tube. 

4 „ .. More soiling. 

-5 „ .. I^xstmct curdling—onset point of the meta- 

casein reaction. 
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Time. Eeaction on boiling. 

6 miETites . * More pronounced curdling, 

10 to 80 „ .. Pronounced curdling. 

00 „ .. Diminislied curdling. 

95 .. Slight curdling. 

100 .. No change; Tanishing point of the metacasein 

reaction. 

The length of time during which the successive steps of the transfor¬ 
mation may continue observable depends on the energy of the action 
and this, in its turn, depends on the activity of the preparation and 
the quantity of it added to the milk; it is also greatly influenced by 
temperature. By using an excess of an active pancreatic extract, and 
with a favourable temperature, all the steps of the process may be 
crowded almost into an instant of time; with converse conditions the 
action may linger on for many hours. • 

Although milk is a secretion of somewhat variable composition, the 
oscillations which it exhibits, when it is the product of a dairy, and is 
not intentionally adulterated, do not materially vitiate it for the 
purposes of a test fluid such as is here required. The milk delivered 
at my house presented very little variation. It had a density of 1030 
—seldom varying more than a degree from this point—and the results 
obtained with the milk of different days showed a remarkable uni- 
lormitj. Milk from different dairies, and at different seasons of the 
year, would no doubt present grater irregularities. Milk should, 
however, be used fr^h, for if it have become slightly acid, as it is apt 
do in keeping, the results obtained are untrustworthy. 

If milk be diluted with water the occurrence of the metat^ein 
is postponed; and the degree of postponement varies with the 
degree of dilation. For example, if 50 cub. ceutims of pure milk are 
eiamged to the onset point of the metacasein reaction, in three minutes, 
Mie same quantity of milk diluted with an equal volume of water will 
tal^six minutes to reach the same point—other conditions being equal. 
Tlimeare, however, several advantages in using diluted milk instead of 
pire milk as the experimental fluid. The inequalities of the milk are 
Miereby minimised. The “strike” of the reaction is more sharply 
ddflned, and the required quantity of pancreatic extract can be 
blinded in the water of dilution. This last is an important advantage, 
brause if the extract to he tested is feeble, a considerable quantity of it 
Kequir^ to be added, and this, if pure milk were employed, would 
mem^j alter i^ d^ree of dilution, and thereby vitiate the results. 
Bn followmg experiments, milk diluted with an equal bulk of water 
invariablj mnplojed; and if the quantity of pancreatic extract to 
^ added exceeded 3 cub. centims. for every 50 cub. centims. of milk,. 
wm always include in the water of dilution, 
fe the method of faypsimetry here proposed consists i» 
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j^ertaining Blow many ctLbic centimetres of milk can be changed to the 
onset point of the metacasein reaction, in 5 minntes, by 1 cnb. centim, 
of the extract to be tested, at a given temperatnre. 

In settling the data on which the method is based, it was necessary, 
as in the case of diastase, to determine the relations to tryptic action 
of quantity^ timen and temperaUire. 

Quantity and Time ,—The rule of inverse relations between quantity 
and time which was found to be valid within a wide range in the case 
of diastase and starch, is only reliable in the case of trypsin and milk 
within narrow limits. When the time of action exceeds 8 or 10 
minutes the advent of the metacasein reaction is postponed beyond the 
term indicated by the rale of inverse proportion, and this postpone¬ 
ment increases as the time of action is lengthened. The following 
two sets of observations may be taken as samples of the results 
obtained by experiment. 


Table YI. 

Showing the postponement of the metacasein reaction. 

The quantity of milk acted on in each experiment was 50 cub. 
eentims. diluted with water np to 100 cub. centims. The “ calculated 
time in the third column was obtained by taking the first observation 
in each set as the standard of comparison. 


1 

Quantity of pancreatic 
ext^t added. 

Onset point of the metacasein reaction. 

I'ound. 

Calculated. 

Set 1. 

—Tenaperatnre 40® C. 

1 *0 cub. centim. 

3 minutes. 

— 

0*8 

4 „ 

3| minutes. 

0-6 

5 „ 


0*4 

0 „ 

n .. 

0*2 

30 „ 

15 

Set n.—^Temperature 16® C. 

4 *0 cub. centims. 

6 minutes. 

— 

2*0 

16 „ 

12 minutes. 

1-0 

39 „ 

24 „ 

0*5 

105 „ 

4B „ 

0 *25 „ 

280 „ 

96 „ 


When the vanishing point of the metacasein reaction was taken as 
the point of comparison, the results approximated more nearly to the 
requirements of the rule of inverse proportion, specially at low tem¬ 
peratures ; but still the evidence pointed in the same direction, and 
indicated that trypsin, like diastase, exhausts itself in aciiou at a pro- 
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i!'etiBKPde«d irate. iFrom tiie nmnerotis experiments wMcli were 
perf&nn^ witli s view of elncidating tliis point, I arrived at tlie con- 
dnMon tliat wiien the onset point of the metacasein reaction fell 
between 0 and 6 minutes the inverse time-rate gave a reliable basis of 
calenlation, bnt not bejond these limits. 

T&mp&rtdure .—Tryptic enzymosis is exceedingly sensitive to tempera- 
toe. The action of trypsin on milk increases in energy from zero to 
60® 0. Above this point there is a rapid fall, and the action is finally 
arrested between 75° and 80° C. There is not, as with diastase, any 
mage or platform of indifferent temperature. The following teble 
exhibits the degrees of activity from 10° to 80°. In order to obtain 
to-utmost uniformity of resnlts, the qnantities of pancreatic extract 
employed were so adjnsted as to bring the incidence of the metacasein 
reaction within a period ranging from 4 to 6 minntes. 


Table VII. 

Showing the effects of temperature on tryptic* enzymosis. 

The quantity of milk employed in each experiment was 50 cnb. 
oenfcims. diluted with water np to 100 cub. centims. In the fourth 
oolnmn the degree of tryptic activity, or T, is calculated by a method 
to be presentlj explained. 


fanpcimtoe. 

QuAntity of pancreatic 
extract employed. 

Onset point of the 
metacasein reaction. 

Tryptic value— 
or T. 

l<f G. 


5 minutes. 

8 

IS 



5 

12 

m 

SD 

a 

4 

21 

m 


n 


45 

m 

0'6 


» 

76 

m 1 

0-4 

>» 

» 

119 

m 

0-3 

n 

H „ 

150 

m 

0*4 


S 

125 

m 1 

0-8 

it 

4 „ 

78 



?j 

6 

21 

m 


S9 

Ko action. 

0 


In to subjoined diagram these resalts are thrown into the form of 
a curve. The ordinates indicate the degrees, of tryptic activity (or T), 
aiid to todssse indicate the temperatures. 

1m anoteer miWB of experiments the effect of temperature was 
Himgid by to of required to reach the onset or the 

pom% of to metacasein reaction when constant quantities 
«sxtmict were nsed. The r^ults obtained in this series 
in TaMe VIII. In Ihe first set the onset point of the re¬ 
in Wmii as the index of taypiac activity; in the second set 







Cnrre illustrating tlie effect of temperature on the tryptic digestion of milk. 

the TOnishing point of the reaction was employed for the same purpose. 
The results brought out by these experiments correspond pretty 
closely with those given in Table YII. 

Table YIIL 

Showing the effect of temperature by tbe length of time reqnired to 
reach tbe metacasein reaction, when constant quantities of pancreatic 
extract are used. 


I Set. i 

0'4 cub. centim. pancreatic extract | 
with 100 cub. centims. diluted milk, i 

II Set. 

4 eub. centims. of pancreatic extract 
with 100 eub. centims. diluted milk. 

Temperature. 

Onset point of tbe j 

metacasein reaction. ! 

1 

Temperature. 

Yanisbing point of the 
metacasein reaction. 

2 105“ C. 

i 

312 minutes. i 

_ 


10 

168 „ 

10^ C. 

180 minutes. 

15 

120 „ 

— 

_ 

m 

70 „ ; 

20 

75 

SO 

25 „ , 

30 

26 „ 

40 

12 „ 

m 

■12 

50 

6 „ ' 

50 

6 „ 

60 

65 

70 ^ 

4 „ 

6 „ 

action suspended, but 
resumed on cooling. 

60 

j 

4 » 


An examination of the table shows how very nearly the results 
correspond, whether the onset point or the vanishing point of the 
metacKtsein reaction be taken as a measure of tryptic activity. This 
oorr^pondence substantiates tbe conclusion that the onset point of 
the reaction furnishes a trustworthy index of the activity of tryptic 
dig^tion. The proportionate quantity of pancreatic extr^t added to 
milk in the experiments recorded in Set IE of Table YIEI was ten 
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as greai m ia tl^>s© recorded in Set I; and it is seen tliat, hj 
njmng pi^por^ons* tlie mnisliing points and the onset points fell 
ont in nearly the same times in both sets of erperiments. 

Mode of Frmeting ,—In testing the tryptic activity of a sample of 
pancreatic extract, the following procedure was adopted:—60 cub, 
eentims. of fresh milk were diluted with 50 cub. centims. of water, 
less the quantity of extract intended to be added. The diluted -millr 
was then warmed to 40® C., and nGiaintamed exactly at that tempera- 
tnre until the close of the experiment. The intended quantity of the 
pancreatic extract, say 1 cnb. centim., was then added, and the time 
exactly noted. At the end of each minute a portion of the digesting 
milk was withdrawn, an/i boiled for a few seconds in a test-tube, 
inclining the t^t-tube to one side after the boiling in order to observe 
the effect. The result was at once noted down. As soon as distinct 
cnrdling occurred on boiling, the experiment was considered finished; 
the time was recorded, and the number of minutes which had elapsed 
from the commencement of the experiment were reckoned. The result 
came out in the following form:— 

1 cub. centim. pane, extract+60 milk=4 minutes at 40° 0. 


If no signs of incipient curdling (soiling of the sides of the test- 
tube) occurred within 3 minutes, a new experiment was made, 
usang, two, three, or four times as much pancreatic extract. If, on 
the otiier hand, distinct curdling occurred in 2 minutes, or less, a 
fresh expezimmit was made, using half or quarter the quantity of 
^tnust. Three or four such experiments usually sufficed to enable 
the operator to fix the onset point of the reaction somewhere between 
4 and 6 minutes. 

mde of Oakukding and Expressing the Tryptic Fultte.—The object 
eff the experiment was to ascertain how many cubic centimetres of milk 
can be clmnged to the onset point of the meiacasein reaction by 1 cub. 
aenfcim- of extract in a period of 5 minutes, at the temperatnre of 
40° 0. The tryptic value, or T, was calculated from the first expres- 
sioa of the results of an experiment in exactly the same way as for 
dkstase. If p be made to signify the quantity of pancreatic extract 
added to the milk, and m the number of minutes which were required 
to reach the onset point of the metacasein reaction, then the value of 
T was obtained by the following formula:— 


and taking the experiment above given the value of T came out as 
Wiows:— 

T=^x 5=62-5 at 40“ 0. 

JL 4 

, the practical valae of this method of trypsimetry, one 

|#ilWfclaa,Te regard to the inherent diffienlty of estimating the actirity 
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of preparations of the proteolytic enzymes. I venture to think that we 
have in this method a means of estimating the activity of trypsin 
preparations which is superior in ease and precision to any we possess 
for the evaluation of pepsin preparations. What may he the limits of 
error arising from inequalities in the composition of milk I am unable 
to say, but with the same specimen of milk the limits of error do not 
certainly exceed 6^ to 8 per cent. 

The tiyptic value of pancreatic extract from the pig, made on the 
large scale, was found to range from 40 to 70 at 40° C. The pan¬ 
creatic tissue of the ox and sheep yielded an extract which possessed 
about the same tryptic activity as that of the pig. Extracts prepared 
from single glands presented very considerable variations both in 
regard to their diastasxc and their tryptic activity. The following 
table shows the enzymic values of twelve samples of pancreatic extract 
prepared with single glands fk>m four pigs, four oxen, and four sheep,, 
killed for the market. 


Table IX. 

(All the observations were made at 40° 0.) 

(D stands for diastasic value, and T for tryptic value.) 


, 1 

Pig. j Ox. 1 

! 1 

Sheep. 

>-o. X 

Ko. 3 

TT/, A rD = 100 
* iT=ei 

„ , ;i>=8 

3)0. 5 |x^64 

Xo. 6 {x=5o 

ifo- 8 

No. 11 

No. 12 |x=28 


It may be observed that the oscillations in the two enzymic values 
bear no mutual relations to one another. 

The most appropriate standard of temperature for the valuation of 
tryptic activity, is 40° 0., because this corresponds very nearly with 
the temperature at which trypsin operates in the normal digestion of 
warm-blooded animals. But it is more convenient to perform the 
toting at, or near, the ordinary temperature of the room (say, at 20°) 
inasmuch as in the latter case, it is much less troublesome to main¬ 
tain a continuously uniform temperature than at 40°. 

I have, therefore, taken some pains to ascertain the exact relation 
between the value of T at 40° and at 20° respectively, and have found 
tibat at 40° the value of T is very n^rly three and a half times as 
gfmt as at 20°. If, therefore, the testing be performed at 20°, the- 
resulting value of T multiplied by 3*5, will give with sufficient 
Sbomrmj the value of T at 40°. 
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31a7j 12,1881. 

GENERAL STEACHET, E.E., C.S.I., V.P., in the Chair. 

Tiic Presents received were laid on tlie table, and tbanks ordered 
for them. 

Pnrsnaiit to notice Gabriel Angnste Danbree, Jean Charles Marignac, 
€arl lifigeli, and Carl Weierstrass were balloted for and elected 
Foreign Members of the Societj. 

The following Papers were read :— 


L On the Physiological Action of /S Lntidine.” By C. Gebvili^ 
Williams, F.E.S., and W. H. Waters, B.A., Demonstrator 
in the Physiological Laboratory, Cambridge. Received 
April 23, 1881. 

In studying the physiological action of ^ lntidine the greater 
nnmber of our experiments were made npon the frog, and more par- 
ticmlarly related to the action of this snbstance npon the heart and 
iierwiw system; onr other experiments npon the different 
CHgans being for the better interpretation of tbe action npon these 
two. 

Heart, 

In ^ cas^ we first destroyed the brain and. spinal cord of the frog 
bj ffiihing, and with the smallest possible loss of blood. Hence none 
of the resnits obtained conld be due to the central nervons system. 

The experiments were made npon the heart to stndy the effect of 
4he p lntidine with regard to its— 

(1.) Tonicity; 

(2.) Time of beat; 

(3.) jSTerve supply. 

It may be stated at once, that the pnre alkaloid applied to the snr- 
laoa of the heart causes that organ at once to shrink np, tnm pale, 
.and cease to b^t. At times it was found possible to restore these 
by washing with normal saline solution (0*75 per cent, sodium 
^Ateride), but in no c^e did they ever reach their former activity. 

(1.) Tonkitf of the Hmri, —We made use of several methods during 
iMpeaiments to ase^tain the effect of thk poison npon the hearths 
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The three chief ones were— 

(a,) Moist chamber and lever; 

(^.) Boy’s apparatus; 

( 7 .) Gaskell’s method of the excised heart 
(a.) Moist Ghamher and Lever ,—^In this method the frog had just 
sufficient of its skin and sternal cartilage removed to expose the apex 
of the heart; a carefully balanced lever (of the first kind) had attached 
to one end of it, by a horizontal pivot, a light needle, which, by means 
of a small piece of cork, jnst rested upon the apex of the heart. The 
other end of the lever carried a fine piece of aluminium to mark the 
beats upon the smoked surface of a revolving cylinder. Another 
piece of aluminium recorded the abscissa line from which variations 
in the height of the curve of ventricular beats could be recorded. A 
glass shade, having a slit to allow the end of the lever to protrude 
and work upon the drum, was then placed over the animal, an,d the 
air ii^ide kept moist with damp blotting-paper. 

ikom the arrangement of the apparatus it is evident that at each 
venMcular systole the marker would fall, and at each diastole rise j 
any increase in the tonicity of the heart being indicated by the tracing 
approaching the abscissa line. 

A tracing of the heart’s normal beat was in all cases first taken,, 
and then various quantities of various strengths of @ lutidine were 
injected into different parts of the body, from a drop or two of 2 per 
cent, solution in the lymph spaces near the heart, to 0*2 cub. centim. 
of 2 per cent, in the lower part of the abdominal cavity. In all cases 
there was a very evident lowering of the lever’s marking point and a 
decrease in the size of the beats, clearly showing that the heart had 
experienced a distinct increase in its tonicity. In all cases it became 
much paler. 

No. I is a characteristic series of tracings showing the alterations in 
the ventricnlar beats. Of these (1) is that made by the normal heart, 
while 2, 3, and 4, were taken at intervals of one, three, and six minutes 
after the injection of 0*2 cub. centim. of 2 per cent. ^ lutidine into 
the abdominal cavity. The increase in tonicity and slowing of the 
b^t &e most evident. These tracings should be read from right to 
left, a a being the abscissa line. 

(jS.) JBoy’s A^paraii&s. —In this apparatus the h^rt is tied upon a 
double canula, one limb of which is in connexion with a supply of 
diluted sheep’s blood (one part of defibrinated blood to three parts of 
0'75 per cent, saline solution), kept at a constant height in a reser¬ 
voir ; the other allowing the blood as it is pumped off by the heart to 
fiow away. The surface of the fi.uid in the reservoir being always 
at the same height, variations in the heart’s beat could in no way be 
due to variations in pressure of the fluid. The heart tied to the 
canula is inserted into a cl<^ed chamber filled with oil. By a |^r- 
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mtmigemmty a pistoB, working in a cylindrical prolongation 
of this cliamber, will rise or fall on eacli systole or diastole of tlie 
Tentricle. A lever being attacked to this piston indicates tbe con¬ 
dition of tbe ventricle npon a moving surface- 

From tbe construction it is evident tbat eaeb systole of tbe ventricle 
is indicated by a rise in the lever, making evident its character. ^ 
After tbe character of the beats of a particnlar heart bad been 
observed while tbe normal blood was passing, tbe blood was then sent 
tbrongb, containing from O'l per cent, to 0*4 per cent, of Intidine, 
and the character of tbe tracings, studied. These were distinctly 
modified; tbe heart still beat, but never relaxed during diastole to its 
full extent, in fact, showing a most decided increase in its tonicity. The 
highest portions of tbe curve, indicating tbe condition of tbe ventricle 
daring systole, showed that that condition was much prolonged, tbat 
portion of tbe curve being much rounder and longer. Tbe normal 
beat conld be at once fully restored by repassing tbe saline blood 
solution; and a series of experiments, lasting some time, could thus 
be taken. 

n is a specimen of these tracings, and should be read from right to 
left. Tbe beats on tbe extreme right are those of tbe ventricle before 
tlm applicatmn of tbe alkaloid. When weaker solutions are used, 
mmilaF idterations occur, though naturally not so pronounced. 

la one experiment, where no beats occurred, tbe lever rose distinctly 
mk fwasage df tbe saline blood containing the lutidine, indicaring. 
mm wmmm in the tonicity of the ventricle. 

GmhdTs Method .—^In these experiments a method due to 
Ik; Oasiceil was used. A piece of fine silk was tied to tbe apex 
^ ventride, tbe heart cut out, and a slit made to open tbe ven- 
kioulair cavity. Tbe heart was held just above tbe auricular ventri- 
cdbyr groove by a screw-clamp, and tbe free end of piece of fine 
mlAateclmd to the ventricle tied to a lever, which ba\ as its fulcrum 
lod of fee sfand bolding the screw-clamp. ‘ This lever marked by 
imaas of a fine piece of aluminium upon the smoked surface of a 
iwdving cylinder. 

F»cb contraction of the ventricle was thus indicated up^n tbe 
cylinder by a rise in tbe curve, any increase in tbe tone being 
mmikriy indicated. 

Tbe venfeicle was first washed with normal solution to see its effect, 
as it was in this feat fee lutidine was always dissolved, it being 
jwse^ary to determine feat tbe effects produced were not due to tbe 
ISfAvenl. This iodine, solution caused a slight fall of the lever, but 
Ip^ialely tbat contmning tbe lutidine (about 0*1 per cent.) was 
a small drop being sufficient, there followed a distinct increase 
taiimty of fee ventricle, tbe curve of beats being raised &om 
line, as would naturally ocK5ur with this method of work- 
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img. Thd original beats were restored by washing with normal saline 
sointion. 

In TTT aan© two continuous parte of a tracing taken by this method^ 
and sbonld be read from right to left. From 1 the curve is due to 
the beate of the ventricle after washing with a very small quantity of 
imrma! saline solution. At 2 a very small drop of 0*2 per cent. 
jS Inlidine was allowed to fall on the ventricle, and the changes in the 
beats, as above described, at once Appear, the normal beats being 
^ain r^tored by washing with normal saline solntion as at 8. In 
the particular experiment from which this tracing was taken the 
drum was slightly irregular, hence the apparent quickening of the 
b^^ after the second washing with the saline solution. 

Mmmr&menJt. —The ventricle was just exposed, and during the in- 
termb between the observations the opening was covered with damp 
blotting paper. Even with this rough method it was found that the 
injection of 2'0 per cent. ^ lutidine into various lymph spaces or into 
cutaneous vein, caused a distinct decrease in the length of the ven¬ 
tricle, ^d this was always attended with a slight paleness. 

From all th^e cas^ it cannot but he evident that the introduction 
of p lutidine into the system, enabling it to reach the heart, causes a 
distinct increase in the tonicity of its ventricle. 

aimcles seem to be affected but very little, and even continue 

beat affe^ the ventricle has stopp^. 

Om Mmde. —^By a method somewhat similar to that of 

Ihr* Cbs&BlI, the effect of the alkaloid was tried upon ordinary striped 
nMsenbyr ti^ue. A frog was pithed and placed on its belly in a 
nioiBidbwiQiber. The tendo-aehilles laid bare and tied by ffne silk to a 
lever, the knee-joint being fixed. On washing the muscle with 0'‘75 
per eeni. saline solution, as was done to the ventricle, a similar fall of 
the few oocarred; but on allowing a drop of 0*5 per cent, p lutidine 
(hi, immal ^line) to fall on it, a distinct rise followed. 

Traeinp IT illustrates the above, aa, being the abscissa line; any 
iwmmm in the tonicily of the muscle will be indicated by an increasa 
in tim d^mce of fever’s- marker from this line. The tracing 
sbouM be Tmdi from right to left. At (1) 0*75* per cent, saline solutio^ 
wm aftdded, mni after a short interval the drum allowed to move, ai 
fail of the fever beoone evident. At (2) and (3) a small drop oJ^ 
cent^ of the alkaloid was added, and a distinct rise followed 
dm wa^hiBg i^ain with normal saline i^lution at (4) resulting in 

' p.) 0 f Mmrfs Brnk ,—^At times we found the results of an 
undecided, but far the greater number of them indi- 
h d%lit slowing after the addition of the alkaloid. It ^p^eared 
fa Urn exparimente made with strong soluiaons. 

^ 0m Mmrt .—^In idl experiments relating to ac&n, 
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of poisons on the Bearfe one mtnrally turns to trying their effect npon 
the Tagns, Under ordinary conditions this nerve has the effect when 
slightly stimulated of slowing, when strongly stimulated of stopping 
the hurt’s heat. 

The apparatus used was the moist chamber before described, with 
the addition of a pair of platinum electrodes connected with the 
secondary coil of a Du Bois Eaymond’s induction apparatus. The 
key for short-circuiting the secondary current carried a marker to 
make a tracing on the revolving cylinder, indicating the point of time 
at which the vagus was stimulated and the duration of the stimulus 
by a rise in the line traced on the drum. To ensure the constant 
strength of the stimnlns, we always allowed the Daniells' cell to work 
for about half an hour before using the coil. 

The frog was pifched, the heart and vagus laid bare with as little 
exposure of the surrounding parts as possible, the lever and moist 
dmanber arranged, and a tracing taken of the normal ventricnlar 
beats. The vagus was next stimulated with the secondary coil at 
various distances from the primary, till one was found at which the 
liearti was slowed and another at which it was stopped. 

Experiments were then made with different quantities of solutions 
of jS lutidine of various strengths, from 0*2 cnb. centim. of 2 per cent 
to 0*2 cub. centim. of o per cent., which were injected into varions 
;^>arts of the body, the best results being obtained by injecting into the 
lower part of the abdominal cavity. 

In all cases the alkaloid deprived the vagus of its power, when 
stimulated, to arrest the beat of the heart. 

As an example, a frog was prepared and the vagus found to cause 
slowing of the heart’s beat when stimulated with the secondary at 
14*5, and stoppage at 14 and 13*5—a long stoppage at the latter. 
0*2 cub. centim. of 2 per cent, solution of ^ lutidine were injected 
into the abdominal cavity near the light leg ; after three minutes the 
vagus on stimulation had but very slight effect, and after six minutes 
no acfcion. From time to time the secondary was moved nearer and 
nearer the primary, but stimulation had little or no effect, and after 
twenty-five minutes the actiou was imperceptible even when the 
isecondarj coil was right over the primary. 


Beflex Action, 

Our next series of experiment were made to ascertain what effect 
pbis alkaloid would have upon reflex action, * * 

p The fro^ used had their brains destroyed, with as small a loss of 
Plood as p<^ible, by dividing the spinal cord at the junction of the first 
.^vertebra and jmssing a wire into the skull. The auimals were then left 
por some time to recover from the effecfs of the operation. The 
Stimulus used was a very weak solution of hydrie sulphate, and the 
Ton. xxxn. h 
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iiioe between the placing of tbe foot in tMs stimulant and its 

withdrawal by tbe animal was measured by a metronome beating 120 
to tbe minute and taken as tbe indication of tbe time required for 
reflex action. Tbe frog was worked npon either resting on its belly 
with its legs banging down or suspended by its bead. In order that 
^e results might not be tbongbt due to fatigue, owing to the suspen¬ 
sion the animal, in the earlier experiments, another frog similarly 
pithed, was suspended, and its reflex time measured simultaneously 
with the one treated with the alkaloid. These frogs suffered no 
change, therefore after the first experiments their use was discontinued. 

After suspension of the animal its reflex action was tested for half 
an hour at interrals of five minutes, in order to get the length of its 
normal reflex time. The alkaloid was then injected, sometimes pure, 
into tbe stomach, and at other times dilute into tbe dorsal Ijrmpbatic 
sac; here tbe effect could be produced by 0*2 cub. centim. of 1 per 
cent, solution in ten minutes to a quarter of an hour. 

Tbe action of tbe p lutidine was most distinct, tbe reflex time, after 
an interval, growing longer and longer at each stimulation, then the 
would be only just removed, and that feebly from tbe acid; and, 
finally, after a time varying from a quarter to half hour tbe foot was 
incafmble-of being withdrawn, though immersed* in tbe acid for a 
Bunute or a minute and a half. 

Bei^edly, then, ^ lutidine destroys reflex action in tbe frog. 

Tbe disappearance of tbe reflex action might be attribute to tbe 
folkmizig caus^:— 

' (1.) To the poison acting upon tbe b^rt, perhaps stopping its beat, 
and thus cutting off tbe blood supply to tbe spinal cord. In all cases, bow- 
0 fer, fre^ was dissected and tbe heart was invariably found beating. 

(2.) It might be due to its action on tbe nerves, thus preventing 
conduction of impulses to tbe muscles of tbe legs, necessary to 
them to contiact and withdraw tbe foot from tbe acid. 

(S.) It m%ht be said to be due to an effect like that of nrari, 
preventing tbe communication of an impulse from tbe nerve to tb^ 
muscle. Mocking their physiological communication. That it was not 
due to dither of these causes will be seen from tbe following experi¬ 
ment: A frog was very carefully pithed, tbe sciatic nerve on each 
was exposed and a ligature tied round tbe whole of tbe left leg— 
except tbe nerve. Tbe nerves on each side were each stimulated with 
s^b a f^ble current ^ to cause only a slight twitching of tbe to^ 
(s©©on<!aTy coil at about 32). 

Far more ^ lutidine than is necessary to produce tbe described effect 

e reflex action was then injected into tbe dorsal lymphatic sac, at 
^ mwh as two or more drops of tbe pure alkaloid being used. 
Uie experiment lasted in some cases over two hours, the f^Me 
iPKppimi cammed the same amount of movement in both feet m before. 
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(4.) The effect of the poison might also be thought due to its action 
npon the mnscles themselves, cansing them to lose their irritability 
and cease to respond to stimuli reaching them from the nerve. The 
last experiments would go strongly against this, but to be perfectly 
sure we performed the following: A frog, whose brain had been de¬ 
stroyed, received nrari np to a point at which no refiex action occurred, 
and no contraction of the leg mnscles on stimulation of the sciatic 
nerve. The animal was placed in a moist chamber, and by means of 
the pendulum myograph tracings were taken of the contractions of the 
gastrocnemius, caused by direct stimulation. A number of these 
tracings of the muscular contraction was taken before application of 
the poison, and then from time to time ^ Intidine was injected into the 
dorsal lymphatic sac, commencing withO’l cnb. centim. of 10 per cent, 
solution, and finally using as much as two drops of the pure alkaloid; 
but there was no alteration of a decided character in any of the curves, 
either upon the latent period, contraction, or relaxation. 

It may be mentioned that after acting on frogs retaining their spinal 
cord with ^ Intidine, destruction of the spinal cord with a wire, causes 
little or no movement of the limbs, as is the case under ordinary 
conditions. 

Ifrom all these results it cannot but be evident that the disappear¬ 
ance of reflex action is due alone to the effect of the poison on the nerve 
cells of the spinal cord* 

Strychnine and ^ Lutidine .— Such being the action of 8 Intidine npon 
the spinal cord, we were naturally led to ascertain whether it was 
antagonistic in its action to strychnine. If a frog, whose brain has 
been destroyed, be treated with a small quantity of strychnine solution, 
the slightest stimnins is snfEicient to throw the animal into strong 
tetanic <x>nvnlsions. 

Yarions experiments were tried; as examples we will give the 
following:— 

(1.) A frog whose reflex action was good (the brain having been 
destroyed in the usual way) had sufficient p Intidine solution given it, 
to cause this reflex action to disappear. A drop of 0*5 per cent, 
strychnine w^ injected into its dorsal lymphatic sac, a quantity 
which injected into another frog similarly prepared brought on the 
strongest convulsions. Still no effect was produced, neither did any 
change appear when another large drop was injected. 

(2.) As an example of another method, a frog (whose brain had 
been destroyed) was thrown into strong convulsions by the of 
Bt]^chnine, then 0*5 cub. centim. of 10 cent, fi lutidine were 
in;^ted into the dorsal lymphatic sac, also a drop of the pure alkaloid; 
in fifteen minutes the strychnine tetanus was passii^ off and in 
" twenty-five minutes had quite gone. The Bsme effect happened with 
^Eualbr quantities of the alkaloid. 
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(S.) Another. ^***’‘’ dorsal lym- 

had been destroyed as ^ stryohoine was inject^, 

pliatic sac of each a small ^ P of 10 per cent. |3 latidine 

^sig„ rf steyoliimo 
After afteen minutes (A) S® minutes (A) gave only 

while (B) gave distmct ^ went into strong 

very faint reflex action; but C®)’ | . ^f reflex action, 

tetous. After thirty minutes ^ ® ly touching the 

while (B) went into strong tetanic convulsions on v J 

bible. , tten into (B) O'l cub. oentim. 

-These «s^ltelasi^overan hoj. tb^^ ten minutes the effect 
of 10 per cent, fi lutidine was mj , minutes was quite 

rf 

gone, the frog not even givi g ^ . injected into one frog 

Again, in some litidine into another, 

(prepared m J ®St went into strong tetanic convolsions 

ff^nStTn^ the latter; that of the former disappearing 

»fter ae injection of the it clear that ^ lutidine 

■ffrcm our ^^ents we ^loth cardiac and voluntary 

causes a distinct the i^te of the heart’s beat, that 

muscular tissne, also a sio g That hy its action upon 

gations. 


R.S. Received April 26, 1881. 

f i. 1 , ift72 Mr B H. Scott, P.B.S., snggrated 

to^ Iwo^eal imittee’the desi^J^tyjf ^ ou^ 

saggoBhonwasapprov^^the ^ the Government Graari 

war » grant was obtained by Mr. brott we , . • „ «« 

SLia^^ bv the Royal Sodety, for the purpose of deto^ ^ 
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carried out "by Mr. S<x)tt Kimself, but were entrusted to Mr. Samuel 
Jeffery, then Superintendent of tbe Kew Observatory, and Mr. Gr. M. 
Wbipple, then First Assistant, the present Superintendent. 

The results have never hitherto been published, and I was not aware 
of their nature till on making a suggestion that an anemometer of the 
Kew standard pattern should be whirled in the open air, with a view 
of trying that mode of determining its proper factor, Mr. Scott 
informed me of what had already been done, and wrote to Mr. 
Whipple, requesting him to place in my hands the results of the most 
complete of the experiments, namely, those carried on at the Crystal 
Palace, which I accordingly obtained from him. The progress of the 
enquiry may be gathered from the following extract from Mr. Scott’s 
report iu returning the unexpended balance of the grant. 

** The comparisons of the instruments tested were first instituted in 
the garden of the Kew Observatory. This locality was found to 
afford an insufficient expcBure. 

A piece of ground was then rented and enclosed within the Old 
Beer Park, The experiments here showed that there was a consider- 
difference in the indications of anemometers of different sizes, 
but it was not possible to obtain a sufficient range of velocities to 
furnish a satisfactory comparison of the instruments. Experimenis 
were finally made with a rotating apparatus, a steam merry-go-round, 
at the Crystal Palace, which led to some results similar to thc^e 
obtained by exposure in the Beer Park. 

The subject has, however, been taken up so much more thoroughly 
by Brs. Dohraudt and Thiesen (vide “ Repertorium fur Meteoro- 
logie,” vols. iv and v) and by Dr. Robinson in Dublin, that it seems 
unlikely that the balance would ever be expended by me. I, there¬ 
fore, return it with many thanks to the Government Grant Com¬ 
mittee. 

‘‘ The results obtained by me were hardly of sufficient value to be 
communicated to the Society.” 

On examining the records, it seemed to me that they were well 
deserving of publication, more especiaDy as no other experiments of 
tbe same kind have, so far as I know, been executed on an anemo¬ 
meter of the Kew standard pattern. In 1860 Mr. Glaisher made 
experiments with an anemometer whirled round in the open air at 
the end of a long horizontal pole,* hut the anemometer was of the 
pattern employed at the Royal Observatory, with hemispheres of 
3*75 inches diameter and arms of 6‘725 inches, measure from the 
axm to the centre of a cup, and so was considerably smaller than the 
Kew pattern. The experiments of Br. Bohrandt and Dr. Robinson 

♦ ** Greenwich Magnetical and M^eorologicaJ Obeerrations,” 18d2, Introduction, 
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were made in a building, which has the advantage of sheltering the 
anemometer from wind, which is always more or less fitful, but the 
disadyantage of creating an eddying vorticose movement in the whole 
mass of air operated on; whereas in the ordinary employment of the 
anemometer the eddies it forms are carried away by tbe wind, and the 
^me is the case to a very great extent when an anemometer is 
whirled in the open air in a gentle breeze. Thus, though Dr. 
Bobinsou employed among others an anemometer of the Kew pattern, 
his experiments and those of Mr, Jeffery are not duplicates of each 
other, even independently of the fact that the axis of the anemometer 
was vertical in Mr. Jeffery’s and horizontal in Dr. Bobinson’s experi¬ 
ment ; so that the greater completeness of the latter does not cause 
^em to supersede the former. 

In Mr. Jeffery’s experiments the anemometers operated on were 
mounted a little beyond and above the outer edge of one of the steam 
merry-go-rounds in the grounds of the Crystal Palace, so as to be as 
far as practicable out of the way of any vortex which it might create. 
The distance of the axis of the anemometer from the axis of the 
“ merry ” being known, and the number of revolutions (n) of the latter 
during an experiment counted, the total space traversed by the anemo- 
mete* was known. The number (IS;) of apparent revolutions of the 
anemometer, that is, the number of revolutions relatively to the merry^ 
was recorded on a dial attached to the anemometer, which was read at 
the b^inning and end of each experiment. As the machine would only 
go round one way, the cups had. to be taken off and replaced in a reverse 
in order to reverse the direction of revolution of the anemo¬ 
meter. The true number of revolutions of tbe anemometer was, of 
course, N-fw, or n, according as the rotations of the anemometer 
ai^ the machine were in the same or opposite directions. 

The horizontal motion of the air over the whirling machine during 
mij experiment was determined from observations of a dial anemo-l 
meter with J-inch cnps on 8-inch arms, which was fix^ on a wooden 
stand m the same horizontal plane as that in which the cups of the 
experimental instrament revolved, at a distance estimated at about 
30 feet from the outside of the whirHng frame. The motion of the 
i«itre8 of i^e cups was deduced from the readings of the dial of the 
fixed anemometer at the beginning and end of each experiment, the 
nmtion of the air being assumed as usual to lo& three times that of the 
cmps. 

The experiments were natnrally made on fairly c^m days, still the 
of the wind, though simOl, is not insensible. In default of 
information, we must take its velocity as e<][ual to the ‘nffcAa.rt 
during the experiment. 

V te velocity of the anemometer (i.e., of its axis), W tiiat 

^ & the angle between the direction of motion of the 
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aiieiD^oieter and that of the wmd. Then the velocitj of the anemo¬ 
meter relatiTelj to the wind will be— 

'/V3-2VWcose+W3.(a) 


The mean effect of the wind in a revolution of the merry will be 
different according as we suppose the moment of inertia of the 
anemometer veiy small or very great. 

If we suppose it very small, the anemometer may be supposed to 
be moving at any moment at the rate due to the relative velocity at 
that moment, and therefore the mean velocity of rotation of the cups 
in one revolution of the meny will be that corresponding to the mean 
relative velocity of the anemometer and the air. If, as is practicallj 
the case, W be small as compared with Y, we may expand (a) in a 
rapidly converging series according to ascending powers of W. All 
the odd powers will disappear in taking the mean, and if we n^lect 
the fourth and higher powers we shall have for the mean 


Y+ 


4Y' 


BO that W^“t- 4Y is the small correction to be added to the measured 
velocity of the anemometer in order to correct for the wind. 

On the other hand, if the moment of inertia of the anemometer be 
taken as very great, the rate of rotation of the cups during a revolu¬ 
tion of the merry will be sensibly constant. If Y' be the velocity of the 
anemometer relatively to the air, v the velocity of the centre of one 
of the cups, and if we suppose the rotation of the anemometer 
resisied by a force of which the moment is F, then, according to 
Dr. Robinson’s researches, we have approximately 

F=AY'^~2mY'^Ci;S. 

In the present case friction is not taken into account, and instead of 
F we must take the moment of the effective moving force. Further¬ 
more, it appears from the experiments of Br, Robinson, in Dublin, 
that the observations were almost as well satisfied by taking the first 
two terms only of the above expression for F as by taking all three, 
and this simplification may be employed with abundantly snfificimt 
accuracy in making the small correction for the wind. We have, 
therefore— 

F=AY'3-2BrY', 

where Y' is given by (a). In order that the anemometer may be 
neither accelerated nor retarded from one revolution of tlm ^mmrj 
to another, the mean effective force must he ml; and taking the 
Kuasns of both sides of the above equa^n, observH^ that, in oonae- 
^uence of the supposed largeness of the moment of inertia, v is 
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80iiiBflblj ©OBStaiit during one reTolntion of tbo merry, we lia¥e on 
emi^ojing ike approximate value of the mean of Y' or (a) already 
used— 

0=A(V8+W2)-2B®(V+^. 

But if TJ be the constant velocity of air relatively to the anemometer 
which would make the cnps tnrn ronnd at the same rate, we have 
similarly— 

0=AU®—2Bt;U. 


Miminating Bf?/A, between these two equations we get— 

u(^V+^=V2+W2. (c), 


and as the fourth and higher powers of W have been neglected all 
^ong, we get from the last— 


so that, on this supposition, the mean correction for the wind is 
8W*/4Y, or three times the ooireciuon of the former supposition. 

The mean value of the radical (a) is given by an elliptic function ; 
Imt even in an extreme case among the experiments, when the ratio of 
the velocity of the wind to that of the anemometer is as great as 8 to 5, 
the error of the approximate expression V-1-W^/4V amounts only 
to idjoni O’Ol mile an hour, which may be quite disregarded. The 
error in employing (d) for the determination of U instead of (c) is 
^ about similar amount. 

Three anemometers were tried, namely, one of the old Kew standard 
pattern, one by Adie, and Kraft’s portable anemometer. Their dimen- 
m<ms will be found at the heads of the respective tables below. With 
eaA imemometer the experiments were made in three groups, with 
high, moderate, and low velocities respectively, averaging about 28 miles 
an hour for the high, 14 for the moderate, and 7 for the low. Each 
group again was divided into two subordinate groups, according as the 
cups were direct, in which case the directions of rotation of the merry 
and of the anemometer were Opposite, or reversed, in which case the 
directions of the two rota^ons were the same. 

The data furnished by each experiment were: the time occupied by 
&e experiment, the number of revolutions of the merry, the number 
di revolutions of the anemometer, given by the difference of 

ifeUidtiigs of the dial at the beginning and end of the experiment. 
Mi Ite sp^ S paired over hj the wind, deduced from the different^ 
^xeadiiigs of the ffxed anemometer at the banning and end of the 
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Tlie object o£ tbe experiment -waa, of course, to compare tbe mean 
velocity of tbe centres of tbe cups witb tbe mean velocity of 
tbe air relatively to the anemometer. It wonld have saved some 
numerical calculation to have compared merely tbe spaces passed 
tbrongb during tbe experiment; bnt it seemed better to exhibit 
tbe velocities in miles per hour, so as to make tbe experiments 
more readily comparable with one another, and with those of other 
experimentalists. In tbe rednctions I employed 4-figxire logarithms, 
so that tbe last decimal in Y in tbe tables cannot quite be trusted, but 
it is retained to match tbe correction for W, which it seemed desirable 
to exhibit to O'Ol mile. 

On reducing tbe experiments with tbe low velocities, I found tbe 
results extremely irregular. I was snl^quently informed by Mr. 
Whipple, that tbe machine could not be regulated at these low 
velocities, for which it was never intended, and that it sometimes 
went round fast, someMmes very slowly. He considered that tbe 
experiments in this group were of little, if any, value, and that they 
oi^bt to be rejected. They were besides barely half as numerous as 
those of the moderate group. I have accordingly thought it best to 
omit them altogether. 

In the following tables the first column gives the group, H standing 
for high velocities, M for moderate; the subordinate group, — stand¬ 
ing for rotation of the anemometer opposite to that of the machine, 
4- for rotations in the same direction, and lastly the reference number 
of the experiment in each subordinate group, T gives the duration 
of the experiment in minutes; n the number of revolutions of the 
machine; H the number of apparent revolutions of the anemometer; 
B the space passed over by the natural wind, in miles. These form 
the data. From them are calculated: V, the velocity of the 
anemometer, in miles per hour; W, the velocity of the wind; W®/2Y 
the mean of the two corrections to be added to Y on account of the 
wind, according as we adopt one or other of the extreme hypotheses 
as to the moment of inertia of the anemometer, namely, that it is 
v®y small or very laa^. The actual correction will be half the 
number in this column on the fiist supposition, and once and a-half 
on the secsond. Y^, Yg denote the velocity of the anemometer, or, in 
o&er words, of the artificial wind, corrected for the natural wind on 
these two suppositions respectively, so that the last two columns give 
100 Mraes the ratio of the registered velocity to the true velocity, or 
tl]© rostered as a percentage of the true, the registered velocity 
meaning that deduced from the velocity of the cups on employing the 
usual factor 3, 

, The dials of the first two anemometers read only to 10 revolutions, 
^hieh is the reason why all the numbers H end with a 0, 
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The Old Kew Standaord. 

Diameter of Arms between Centres of Gups 48 inches; Diameter of 
Cups 9 inches. Fixed to Machine at 22*3 feet from the Axis of 
Eevolntion. 
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Adie’s Anemometer. 

Diameter of Arms "between Centres of Cnps 18*4 inclies; Diameter of 
. Cnps 2*5 incites. Fixed to Machine at 20*7 feet from the Axis of 
ReTolntion. 
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Kraft’s Portable Anemometer. 


Diameter of Arms between Centres of Cups 8-3 inebes; Dkmeter of 
Caps 3-3 inebes. Fixed to Machine at 19-10 feet from tbe Axis of 
;^volutioii. 
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0-27 

100-8 

99*4 

M- 










1 

30 


5488 


13-63 

1-60 

0*09 

93 -3 

92 *5 

2 

31 


5880 

1-6 

13 -19 

3-10 

0*36 

99 -2 

96 *6 

S 

34 

300 

5168 

1*6 

12-03 

2-53 

0-27 

86 -8 

84*8 

4 

34 


5320 

1*9 

12 08 

3*35 

0-47 

88*8 

85*4 

5 

36 


lEliKI!] 

1-7 

11-36 

2*83 

0*35 

84*0 

81 *4 

6 

36 


4910 

1*3 

11-36 

2-17 

0*21 

82*3 


Mean... 

.. 


.. 

•• 

12-27 

2-60 

0-29 

89 *1 

86-9 

M + 

1 

38 

300 

4508 

2-0 

10-76 

3-16 

■ 


81*4 

2 

as 

300 

4250 

1-6 

10-76 

2-53 

■tgjii 


78-7 

3 

36 

300 

5U06 

0-8 

11-36 

1-33 

Wtmii 


94-7 

4 

35 

mo 

4743 

1-0 

11-69 

1*71 

1 0-12 


89*3 


. .. 

- 

•• 

•• 

11 -14 

2-18 

m 

87-8 

86*0 


®ie meaa results for tHe Mgli and moderate velocities, contained i 
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the preceding tahl^, are collected in the following table, in which are 
also inserted the mean errors. 




High Yelocities. 

Moderate Yelocities. 

3 

Directions of 

Mom. inert. 

Mom, inert. 

Mom, inert. 

Mom. inert. 

o 

a 

o 

notation. 

smalL 

large. 

small. 

large. 

s 

o 

a 


p. c. 

m. e. 

p.c. 

m. e. 

p. c. 

m. e. 

p. c. 

m. e. 


Opposite.... 

122 -6 

2*4 

121 *9 

2*3 

115 *1 

4*9 

113 *2 

5*2 

o 

Alike. 

ns *4 

2-9 

117 *5 

2*8 

109-7 

4*5 

1(^*5 

5*1 












Mean ...«. 

120*5 

•• 

U9-7 

*• 

112 -4 


110*8 



Opposite..... 

95 *1 

2-3 

94*2 

2*3 

88*5 

4*5 

86*8 

5*0 

i 

Alike. 

^'0 

6*6 

97-3 

6*6 

82 -6 

7-.3 

81*0 

7*3 


Mean ..... 

96*5 


95-7 

•• 

85*5 

- 




Opposite -..,. 

101*5 

2*6 

100*8 

2*5 

89*1 

4*8 

86*9 

5*1 


Alike. 

100*8 

1*2 

1 99-4 

1*3 

87*8 

5*0 

86*0 

6*0 

M 

Mean ..... 

101 1 

•• 

; 100*1 

! 

88*4 

1 

86*4 



The mean errors exhibited in the above table show no great 
difference according as we suppose the moment of inertia of the 
anemometer small or large in correcting for the wind. There appears 
to be a slight indication, beyond what may be merely casnal, that the 
errors are a little greater on the latter supposition than on the former, 
which is what we should rather expect; for an anemometer would get 
pretty well under way in a fraction of a revolution of the whirling 
instrument. However, the difference is so small that it will suffice to 
take the mean of the two as the mean error belonging to the par¬ 
ticular anemometer, class of velocity, and character of rotation under 
consideration. From the mean errors we may calculate nearly 
enough, by the usual formulas, the probable errors of the various 
mean percentages for rotations opposite and alike. The probable 
errors of these mean percent^es come out as follows:— 

Kew, 1*0 for high velocities; 2*7 for moderate velocities, 

Adie, 1*5 „ „ 2*0 „ „ 

Elraft, 0*9 ,, ,, 1*8 „ „ 

These probable, errors are so small that it app^rs that for the high 
and even for the moderate velocities the experiments are extremely 
trustworthy, except in so far as they may be affected by sydemaiie 
sources of error. 

If we compare the registered percentage of tiie true velocity of 
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tlie air relatively to the anemometer according as the 3?otatioiis are in 
opposite directions or in the same direction, we see that in five out of 
the six cases they are slightly greater when the rotations are opposite. 
The sole exception is in the gronp ‘‘ Adie, high velocities,” which is 
made np of the groups “ Adie and “ Adie Hd-.” On referring 

to the principal table for the Adie, we see that Experiments 3 and 4 
in gronp H give percentages nsnally high, depending on the high 
valnes of These raise the mean for the group, and make the 

mean error far greater than those of the other five groups for high 
velocities* There appears little donht, therefore, that the excess of 
percentages obtained for rotations opposite is real, and not merely 
casual* It is, however, so small as to give ns mnch confidence in the 
correctness of the mean result, nnless there were censes to vitiate it 
which apply to both directions of rotation alike. 

It may be noticed that the difference is greatest for the Kew, in 
which the ratio of r to R is greatest, r denoting the radius of the arm 
of the anemometer, and R the distance of its axis from the axis of 
revolution of the machine, and appears to he least (when allowance is 
made for the two anomalous experiments in the gronp Adie H+ ”) 
for the Kraft, for which r/R is least. In the Kraft, indeed, the 
.differences are roughly equal to the probable errors of the means. In 
ybiese whirling experiments r/R is always taken small, and we might 
expect the comection to be made on account of the finiteness of R to 
be expressible in rapidly converging series according to powers of 
r/E, say— 








We may, in imagination, pass from the case of rotations opposite to 
Miat of rotations alike, by supposing R taken larger and larger in 
saocemive experiments, altering the angular velocity of revolution so as 
to preserve the same linear velocity for the anemometer, and suppos¬ 
ing the increase csontinued until R changes sign in passing through 
infinity, and is ultimately reduced in magnitude to what it was at 
first. The ideal case of R=oo is what we aim at, in order to repre¬ 
sent the motion of a fixed anemometer acted on hy perfectly uniform 
wind by that of an anemometer uniformly impelled in a rectilinear; 
direction in perfectly still air. We may judge of the magnitude o4 
the leading term in the above correction, provided it be of an oddi 
order, by that of the difference of the results for the two directions of 
notation. Unless, therefore, we had reason to believe that A' were 0, 
m at l^bst very small compared with B", we should infer that the 
wbofe correction for the finiteness of R is very small, and that it ist? 
praisticidlj eiiminatad by taking the mean of the results for rotations- 
md rotations alike. 
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We may accept, tlierefore, the mean results as not only pretty well 
freed from casnal irregnlarites which would disappear in the mean of 
an infinite number of experiments, but also, most probably, from the 
imperfection of the representation of a rectilinear motion of the 
anemometer by motion in a circle of the magnitude actually employed 
in the experiments. 

Before discnssing further the conclusions to be drawn from the 
results obtained, it will be well to consider the possible influence of 
i^stematie sources o"£ error. 

1. Friction .—^No measure was taken of the amount of friction, nor 
were any special appliances used to reduce it; the anemometers were 
mounted in the merry just as they are used in actual registration. 
IWction arising from the weight is guarded against as far as may be 
in the ordinaiy mounting, and what remains of it would act alike in 
■Mie ordinary use of the instrument and in the experiments, and as far 
m this goes, therefore, the experiments would faithfully represent the 
instruMeut as il is in actual use. But the bearings of an anemometer 
hsaTe ^80 to sustain the lateral pressure of the wind, which in a high 
w^d is very considerable; and the construction of the bearing has to 
be attended to in order that this may not produce too much friction. 
So far the whirled instrument is in the same condition as the.fixed. 
But besides the friction arising from the pressure of the artificial wind, 
a pressure which acts in a direction tangential to the circular path of the 
whirled anemometer, there is the pressure arising from the centrifugal 
force. The highest velocity in the experiments was about 30 miles 
an hour, and at this rate the centrifugal force would be about three 
times the weight of the anemometer. This pressure would consider¬ 
ably exce^ the former, at right angles to which it acts, and the two 
would compound into one equal to ^e square root of the sum of their 
squares. The resulting friction would exceed a good deal that arising 
from the pressure of the wind in a fixed anemometer with the same 
velocity of wind (natural or artificial), and would sensibly reduce the 
velocity registered, and accordingly raise the coefficient which 
Dr. Bobinson denotes by m, the ratio, namely, of the velocity of the 
wind to the velocity of the centres of the cups. It may be noticed 
that the percentages collected in the table on p. 179, are very distinctly 
lower for the moderate velocities than for the high velocities. Such 
an efiect would be produced by friction; but how far the r^ult wouM 
be modified if the extra friction due to the centrifugal force were got 
rid of, and the whirled anemometer thus assim^ted to a fixed 
aaemometer, I have not the means of judging, nor again how far the 
psi^ntages would be still further raised if friction were got rid of 
^ altogether. 

Perhaps the best way of diminishing friction in th© support of an 
anemometer is that devised and employed by Dr, EoMnson, in which 
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ibe anemometer is supported near tlie top on a set of spheres of gmi^ 
metal contained in a box with a horizontal bottom and vertical side 
which supports and confines them. For vertical support, this seenis' 
to leave nothing to be desired, but when a strong lateral pressure has 
to be supported as well as the weight of the instrument, it seems to 
me that a sHght modification of the mode of support of the balls might, 
be adopted with advantage. When a ball presses on the bottom and 
vertical side of its box, and is at the same time pressed down by the 
horizontal disk attached to the shaft of the anemometer which rests 
on the balls, it revolves so that the instantaneons axis is the line 
Joining the points of contact with the fixed hox. Bnt if the late^d 
forc^ of the wind presses the shaft against the ball, the ball cannot 
simply roll as the anemometer tnms ronnd, bnt there is a slight 
amount of rnhbing. 

This, however, may be obviated by giving tbe surfaces where the* 
ball is in contact other than a vertical or horizontal direction. 

Let AB he a portion of the cylindrical shaft of an anemometer; 
CD, the axis of the shaft; EFGHI, a section of the fixed box or cnp 
containing tbe balls; LMN, a section of a conical surface fixed to the 
shaft, by which the anemometer rests on its balls; FIKM, a section of 
one of the balls; F, I, tbe points of contact of the hall with the box; 
M, ^ point of contact with the supporting cone; K, the point of 



oontaci or all but contact of the ball with the shaft. The hall is snp^i 
pc^ed to be of such size that when the anemometer simply rests on the 
balls by its own weight, being turned perhaps by a gentle wind, therf! 
are contacts at the points M, F, I, while at K the ball and shaft ara 
separated by a spac^ which may be deemed infinitesimal. Lateral ■ 
pressure from a stronger wind will now bring the shaft into contact 
wi^ the ball at the point K also, so that the hox on the one hand and 
i^iaft with its appendage on the other, will bear on the ball at foi^ 
The snrfai^ of the box as well as that on the cone JjN h^hiJ 
to be one of revolution round CD, those four points will 
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situated m a plane tkrongli CD, wbicli will pass of course throngh 
the centre of the ball. 

If the ball rolls without rubbing at any one of the four points F, I, 
K, M as the anemometer turns round, its instantaneous axis must be 
the line joining the points of contact, F, I, with the fixed box. But 
as at M and K likewise there is nothing but rolling, the instantaneous 
motion of the ball may be thought of as one in which it moves as if it 
were rigidly connected with the shaft and its appendage, combined 
with a rotation over Lli^AB supposed fixed. For the two latter 
motions the instantaneons axes are CD, MK, respectively. Let MK 
prodnced cut CD in O. Then since the instantaneous motion is com¬ 
pounded of rotations round two axes passing throngh 0, the instan- 
tan^us axis must pass through 0. But this axis is FI. Therefore, 
FI must pa^ through O. Hence the two lines FI, MK, must 
intersect ^e axis of the shaft in the same point, which is the con- 
dlition to be satisfied in order that the ball may roll without rubbing, 
even though impelled laterally by a force snf&cient to cause the side 
4 >f the shaft to bear on it. The size of the halls and the inclinations 
of the surfaces admit of considerable latitude subject to the above 
condition. The arrangement might suitably he chosen something 
like that in the figure. It seems to me that a ring of balls con- 
strucfed on the above principle would form a very effective upper 
support for an anemometer whirled with its axis vertical. Possibly 
the balls might get crowded together on the outer side by the effect 
•of centrifugal force. This objection, should it be practically found 
to be an objection, would not of course apply to the proposed system 
of mounting in the case ef a fixed anemometer. Below, the shaft 
would only require to be protected from lateral motion, which could 
be done either by friction wheels or by a ring of balls constructed in 
the usual manner, as there would be only three points of contact. 

2. Influence on the Anemofneier of its own WaJhe .—By this I do not 
mean the influence which one cup experiences from the wake of its 
predecesi^r, for this occurs in the whirling in almost exactly the same 
way as in the normal use of the instrumeni, but the motion of the 
air which remains at any point of the course of the anemometer in 
consequence of the disturbance of the air by the anemometer when it 
was in that neighbourhood in the next preceding and the stiH earlim* 
revolutions of the whirling instrument. 

It seems to me that in the open air where the air impelled by ihm 
cups is free to move into tiie expanse of the atmosphere, instead of 
being confined by the walls of a building, this must be but small, more 
especially as the wake would tend to he carried away by what little 
wind there might be at the time. On making some enquiries from 
Mr.^ Wi|jpple as to a possible vorticso^ movement mmted in the air 
through which the anemometer passed, he wrote as follows:—I feel 
mh, xxxri. o 
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eimidezitikat under ibe circumstances the tangential motion ofthe air 
at toe level of toe cups was so small as not to need consideration in 
the discn^on of toe results. As in one or two points of its revolution 
toe anemometer passed close by some small trees in full leaf, we 
sh^Hild have otoerved any eddies or artificial wind had it existed, but 
I am sure we did not.” 

3. Infiumce of the Variation of the Wind; first, as regards Yariatiom 
which are not Eapid, —During the 20 or 30 minutes that an experiment 
lasted, there would of course be numerous fluctuations in the velocity 
of the wind, the mean result of which is alone recorded. The period 
of the changes (by which expression it is not intended to assert that 
they were in any sense regularly periodic), might be a good deal 
greater than that of the merry, or might be compai^tively short. In 
the high velocities, at any rate, in which one revolution took only 
three or four seconds, the supposition that the period of the changes 
was large compared with one revolution is probably a gocd deal 
nearer the truth than the supposition that it is small. 

On the former supposition, the correction for the wind during two 
or toree revolutions of the merry would be given by the formulee 
already employed, taking for W its value at the time. Consequently, 
tii6 total correction will be given by the formula already used, if we 
smhstitute toe mean of for the square of mean W. The former is 
ueoeasarily greater than the latter; but how much, we cannot tell 
witooui knowiiag the actual variations. We should probably make an 
outside estimate of the effect of the variations, if we supposed the 
velocity of toe wind twice the mean velocity during half the duration 
of toe experiimiit, and nothing at all during the remainder. On this* 
supposition, toe m^n of would be twice the square of mean W,. 
amd toe corredion for the wind would be doubled. At the high 
of revolution, the whole correction for the wind is so very 
that toe uncertainty arising from variation as above explained 
is of little importance, and even for the moderate velocities it is not 
serious. 

4, I^mmce of Rapid Yanaiims of the Wind. —^Variations of which 
toe peric^ is a good deal less than that of the revolutions of the 
whirling instrument act in a very different manner. The smallness of 
the corrections for the wind hitherto employed depends on the cir¬ 
cumstance that with uniform wind, or even with variable wind, wben< 
toe period of variation is a good d^l greater than that of revolution of ^ 
toe merry, the terms depending on the first power of W, which letter 
is here used to denote the momentary velocity of the wind, disappear 
m toe mean of a revolution. This is not the case when a particular 
v^beiiy of wind belongs only to a particular part of the circle de- 

i by toe anemomeW in one revolution. In this case t^ere will 

b© an outstanding effect depending on the first power of W, 
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wMch will be coDsiderably larger than that depending on Thus 
suppose the velocity of whirling to be 30 miles an hour, and the 
average velocity of the wind 3 miles an hour; the correction for 
the wind supposed uniform, or if variable, then with not very rapid 
variations, will be comparable with 1 per cent, of the whole; where^, 
with rapid variations, the effect in any one revolution may be com¬ 
parable with 10 per cent. There is, however, this important difference 
l>etween the two : that whereas the correction depending on the square 
leav^ a positive residue, however many experiments be made, the 
i*orrection depending on the first power tends ultimately to disappear, 
unless there be some cau^ tending to make the average velocity of the 
wind different for one azimuth of the whirling instrument from what 
it is for another. This leads to the consideration of the following con¬ 
ceivable source of error. 

5. Infinmee of Partial Shelter of the Whirling Instrument .—On 
visiting the merry-go-round at the Crystal Palace, I found it mostly 
surrounded by trees coming pretty near it, but in one direction it was 
j^iprc^hed by a broad open walk. The consequence is, that the 
»i 3 ©mometer may have been unequally sheltered in different parts of 
its circnlar course, and the circumstances of partial shelter may have 
varied according to the direction of the wind. This would be liable 
to leave an nncompensated effect depending on tbe first power of W» 
I do not think it probable that any large error was thns introduced, 
but it seemed necessary to point out that an error of the kind may 
have existed. 

The effect in question would be eliminated in the long run if the 
whirling instrument were capable of reversion, and the experiments 
were matde alternately with the revolution in one direction, and the 
reverse. For then, at any particular point of the course at which the 
anemometer was more exposed to wind than on the average, the wind 
would tend to increase the velocity of rotation of the anemometer for 
one direction of revolution of the whirling instrument just as much, 
•ultimately, as to diminish it for the other. Mere reversion of the 
cups has no tendency to eliminate'*the error arising from unequal ex¬ 
posure in different parts of the course. And even when the whirling 
instrument is capable of reversion, it is only very slowly that the 
error arising from partial shelter is eliminated compared with that of 
irregularities in the wind; of those irregnlarities, that is to say, which 
depend on the first power of W. For these irregularities go through 
their changes a very great number of times in the cour^ of an ex- 
pmment lasting perhaps half an hour; whereas, tbe effect of partial 
shelter acts the same way all through one experiment. It is very 
desirable therefore, that in any whirling experiments carried on in the 
open aiv, tbe condition of the whirling instrument as to exposure or 
shelter should be the same aH round, 

0 2 
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The trees, tkougli taller than the merry 'when- I visited the place 
last year, were but young, and must have been a good deal lower at 
the time that the experiments were made. Mr. Whipple does not 
think that any serious error is to be apprehended from exposure of the 
anemometer during one part of its course and shelter during another, ^ 

From a discussion of the foregoing experiments, it seems to me that 
the following conclusions may be drawn :— 

1. That, at least for high winds, the method of obtaining the factor 
for an anemometer, which consists in whirling the instrument in the 
open air is capable, with proper precautions, of yielding very good 
r^ults. 

2. That the factor varies materially with the pattern of the anemo¬ 
meter. Among those tried, the anemometers with' the larger cups 
registered the most wind, or in other words required the lowest factors 
to give a correct result. 

3. That with the large Kew pattern, which is the one adopted by 
the Meteorological Office, the register gives about 120 per cent, of the 
truth, requiring a factor of about 2*5, instead of 3. Even 2*5 is pro¬ 
bably a little too high, as friction would be introduced by the centri¬ 
fugal force, beyond what occurs in the normal use of the instrument- 

4. That the factor, is probably higher for moderate than for high 
velocities; but whether this is solely due to friction, the experiments 
do not allow ns to decide. 

Qualitatively considered, these results agree well with those of other 
experimentalists. As the factor depends so much on the pattern of the 
anemometer, it is not easy to find other results with which to compare 
the actual numbers obtained, except in the case of the Kew standard. 
The results obtained by Dr. Robiuson, by rotating an anemometer of 
this pattern without friction purposely applied, are given at pp. ?97 
and 799 of the “ Phil. Trans,” for 1878. The mean of a few taken 
with velocities of about 27 miles an hour in still air gave a factor 
2'36, instead of 2*50, as deduced from Mr. Jeffery’s experiments. As 
special antifriction appliances were used by Dr. Robinson, the friction* 
in Mr. Jeffery’s experiments was |Jrobably a little higher. If such 
were the case, the factor ought to come out a little higher than in Dr. 
Robinson’s experiments, which is just what it does. As the circum¬ 
stances of the experiments were widely different with respect to the 
vorticose motion of the air produced by the action of the anemo¬ 
meter in it, we may I think conclude that no very serious error is to 
l>e apprehended on this account. 

In a later paper (“ Phil. Trans.” for 1880, p. 1055), Dr. Robinson 
has determined the factor for an anemometer (among others) of the 
, Kew pattern by a totally different method, and has obtained values ^ 
^ Istmsiderably larger than those given by the former method. Thus^ 
limiting value of the factor m corresponding to very high 
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velocities, is given at p, 1063 as 2*826, wliereas tlie limiting value ob-- 
tained by the former method was only 2*286. Dr. Robinson has 
expressed a preference for the later results. I confess I have always 
been disposed to place grea,ter reliance on, the results of the Dublin 
experiments, which were carried out by a far more direct method, in 
which I cannot see any flaw likely to account for so great a difference. 
It would be interesting to try the second method in a more favour¬ 
able locality. 

I take this opportunity of putting out some considerations respect., 
ing the general formula of the anemometer, which may perhaps not 
be devoid of interest. 

The problem of the anemometer may be stated to be as follows:— 
Let a uniform wind with velocity V act on a cup anemometer of given 
pattern, causing the caps to revolve with a velocity % referred to the 
centre of the cups, the motion of the cups being retarded by a force of 
friction P; it is required to determine v as a function of V and P, 
P having any value from 0, corresponding to the ideal case of a friction¬ 
less anemometer, to some limit P;il» which is just sufELcient to keep the 
cups from turning. I will refer to my appendix to the former of 
Dr. Robinson’s papers (“Phil. Trans.” for 1878, p. 818), for the 
reasons for concluding that P is equal to multiplied by a function 
oiYjv, Let 

v/v=i; :e/Y^=ii, 

then if we regard f and as rectangular co-ordinates, we have to 
determine the form of the curve, lying within the positive quadrant 
f O 7 , which is defined by those co-ordinates. 



We may regard the problem as included in the more general pro- 
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blem of determining ?? as a function of V and F, wliere v is positive, 
but F may be of any magnitude and sign, and therefore, Y also.* 
Negative values of F mean, of course, that the cups instead of being 
retarded by friction, are acjjed on by an impelling force making them 
go faster than in a frictionless anemometer, and values greater than 
Fi imply a force sufficient to send them round with the concave sides 
foremost. 

Suppose now F to be so large, positive or negative, as to make v so 
great that Y may be neglected in comparison with it, then we may 
think of the cups as whirled round in quiescent air in the positive or 
usual direction when F is negative, in the negative direction when .F 
is greater than F;^. When F is sufficiently large the resistance may be 
taken to vary as For equal velocities v it is much greater when 
the concave side goes foremost, than when the rotation is the, 6 ther 
way. For air impinging perpendicularly on a hemispherical cup. 
Dr. Robinson found that the resistance was as nearly as possibly Mur 
times as great when the concave side was directed to the wind as 
when the convex side was turned in that direction.f When the air 
is at rest and the cups are whirled round, some little difference may 
be made by the wake of each cup affecting the one that foHows. 
Still we cannot be very far wrong by supposing the same proportion, 
4 to 1, to hold good in this case. When F is large enough and 
negative, F may be taken to vary as t;®, say to be equal to — Lt;-. 
Similarly, when F is large enough and positive, F may be taken equal 
to where in accordance with the experiment referred to, L' must 
be about equal to 4L. Hence we must have nearly— 

when f is positive and very large; 
negative „ „ 

Hence if we draw the semi-parabola OAB corresponding to the equa¬ 
tion fl;=4L|^ in the quadrant f, and the semi-parabola OCD with 
a latus lectum four tames as great in the quadrant fO— 57 , our curve 
at a great distance from the origin must nearly follow the parabola 
OAB in the quadrant and the parabola OCD in the quadrant 

fO—" 7 , and between the two it wUl have some flowing form such as 
PNMK. There must be a point of inflexion somewhere between P 
and K, not improbably within the positive quadrant f 0^. In the 
neighbourhood of this point the curve NM would hardly differ from 
a straight line. Perhaps this may be the reason why Dr. Robinson’s 
experiments in the piper published in the ‘'Phil. Trans.” for 1878 
were so nearly represented by a straight line. 

* Of oourse t? must be supposed not to be so large as to be comparable with the 
of sound, since then the resstanoe to a body impelled through air, or having« 
«|r on it, no longer varies as the square of the velocity. 

t “ Transact^ns of the Boyal Irish Academy,” vol. p. 163. 
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III. ‘‘ Investigations on the Spectrum of Magnesium ” By 
G. D. Liveing, M.A., F.R.S., Professor of Chemistry, and 
J. Dew AH, M.A., F.R.S., Jacksonian Professor, University 
of Cambridge. Received April 28, 1881. 

[Plate 1.] 

Since onr last communication on this subject (“ Proc. Roy. Soc.,” 
vol. 80, p. 93) several authors—Ciamician, Cornu and Fievez—have 
published observations on the spectrum of magnesium, to some of 
which allusion is made in the sequel, but these observations by no 
means exhaust the subject. Our own observations, carried on for a 
considerable time, have extended to new regions and a variety of cir¬ 
cumstances, and the summary of them which we now present to the 
Society will, we hope, help to bring out the connexion between some 
of the variations in the spectrum of this element and the conditions 
under which it is observed, and throw additional light on the ques¬ 
tion of the emissive power for radiations of short wave-length of 
substances at the relatively low temperature of flame to which we 
alluded in our paper on the spectrum of water Proc. Roy. Soc.,^’ 
vol. 30, p. 580). 

We begin with an account of these observations. 

S^ectrmn of the JFlame of Burning Magnesium. 

When magnesium wire or ribbon is burnt in air, we see the three 
lines of the 5 group, the blue line about wave-length 4570, first noticed 
by us in the spark spectrum (“ Proc. Roy. Soc.,’’ vol. 27, p. 350) ; 
and photographs show, besides, the well-known triplet in the ultra¬ 
violet between the solar lines K and L sharply defined, and the line 
for which Cornu has found the wave-length 2850 very much expanded 
and strongly reversed. These lines are all common to the flame, arc, 
and spark spectra; and the last of them (2850) seems to be by far the 
strongest line both in the flame and arc, and is one of the strongest in 
the spark. But, in addition to these lines, the photographs of the 
flame show a very strong, somewhat diffuse, triplet, generally re¬ 
sembling the other magnesium triplets in the relative position of its 
components, close to the solar line M; and a group of bands below it 
extending beyond the triplet near L. These bands have, for the most 
part, each one sharply defined edge, but fade away on the other side; 
but the diffuse edges are not all turned towards the same side of the 
spectrum. The positions of the sharp edges of these bands, and of the 
strong triplet near M, are shown in the figure, 1. It is remarkable 
that the triplets near P and S are absent from the flame spectrum, 
and that the strong triplet near M is not represented at all either 
in the arc or spark. The hydrogen-magnesium series of lines, begin¬ 
ning at a wave-length about 5210, are also seen sometimes, as already 
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described by ns (“ Proc. Roy. Soc./’ voL 30, p. 96), in the spectrum 
of tbe flame; but we bave never observed tbat tKe appearance of these 
lines, or of tbe strong line witb wbicb they begin, is connected witb 
tbe non-appearance of h^. Indeed, we can almost always see all tbree 
lines of tbe h group in tbe flame, tbongb as is tbe least strong of 
tbe tbree, it is likely to be most easily overpowered by tbe contimions 
spectrum of tbe flame. Tbe new observations recorded below leave, 
we tbink, no room for doubt tbat tbe series of lines beginning at 
wave-lengtb 5210 are due to a combination of hydrogen witb mag- 
*nesium, and are not dependent solely on tbe temperature. 

Tbe wave-lengtbs of tbe strong triplet nearM are about 3720, 3724,. 
3730, and of tbe defined edges of tbe bands about 3750, 3756, 3765,. 
3772, 3777, 3782, 3790, 3799, 3806, 3810, 3815, 3824, 3841, 3845, 
3848, 3855, 3858, 3860, 3865. 

Burning magnesium in oxygen instead of atmospheric air does not 
bring out any additional lines; on tbe contrary, tbe continuous spec¬ 
trum from tbe magnesia overpowers tbe line spectrum, and makes it 
more difllcult of observation. 

Magnesia heated in tbe oxybydrogen jet does not appear to give 
tbe lines seen in tbe flame. 

We bave left out of tbe figure and from tbe enumeration of lines 
tbe well-known bands of tbe oxide. 

Spectrum of the Arc. 

By examining tbe arc of a battery of 40 Grrove’s cells, or tbat of a 
Siemens’ machine, taken in a crucible of lime, under tbe disper-- 
sion of tbe spectrum of tbe fourth order given by a Rutherford 
grating of 17,296 lines to tbe inch, we are able to separate tbe iron 
and magnesium lines wbicb form tbe very close pair 5^ of tbe solar 
spectrum. Either of tbe two lines can be rendered tbe more prominent 
of tbe pair at will, by introducing iron or magnesium into tbe crucible. 
Tbe less refrangible line of tbe pair is thus seen to be due to iron, the- 
more refrangible to magnesium. Comparisou of tbe solar line and 
tbe spark between magnesium points confirms this conclusion, tbat the* 
magnesium line is tbe more refrangible of tbe two. 

In tbe ultra-violet part of tbe spectrum photographs show several 
new lines. Eirst, a pair of lines above U at wave-lengtbs about 2942, 
2938*5.* These lines are a little below a pair of lines given by the- 
spark for wbicb Cornu has found tbe wave-lengtbs 2934-9, 2926*7. 
Tbe latter pair are not seen at all in photographs of tbe arc, nor tbe 
fc^rmer in those of the spark. Tbe strong line, wave-lengtb about 

|, v ^ [Many of our photographs show besides these two lines a third line wave-lengtb 
B@87*5, bnt we have not been able tch determine certainly tbat it is due to* 
If^so this group prolmbly belongs to tbe series of triplets.—June 2.] 
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2850, is' always seen, very frequently reversed. Of the quadruple 
gronp in the spark to which Cornn has assigned the wave-lengths 
2801*3, 2797*1, 2794*5, and 2789*9, the first and third are strongly 
developed in the arc, the other two not at all. hText follows a set of 
five nearly equidistant lines, well-defined and strong, but much less 
strong than the two previously mentioned, wave-lengths about 2782*2, 
2780*7, 2779*5, 2778*2, 2776*9. The middle line is a little stronger 
than the others. The same lines come out in the spark. 

Beyond these follow a series of pairs and triplets; probably they 
are triplets in every case, but the third, most refrangible, line of the 
triplets is the weakest, and has not in every case been noticed as yet.. 
These succeed one another at decreasing intervals with diminishing 
strength, and are alternately sharp and diffuse, the diffuse triplets 
being the ’strongest. The positions are shown in fig. 2. The series 
resembles in general character the sodium and the potassium series- 
described by us in a former communication, and we cannot resist the 
inference that they must be harmonically related, though they do not 
follow a simple harmonic law. The most refrangible line in the. 
figure at wave-length 2605 represents a faint diffuse band which is 
not resolvable into lines; it belongs, no doubt, to the diffuse members 
of the series, and, to complete the series, there should be another 
sharp group between it and the line at wave-length 2630. This 
belonging to the weaker members of the series is too weak to be seen. 

The approximate wave-lengths found by us for these lines are as 
follows:—2767*5, 2764*5, 2736, 2732*5, 2731, 2698, 2695, 2693*5,. 
2672*5, 2670, 2668*5, 2649, 2646, 2633, 2630, 2605. 

It is worthy of remark that the line at wave-length 5710, described 
by us in a pre^dous communication (‘‘Proc. Roy. Soc.,’’ voL 30, 
p. 98), is very nearly the octave of the strong line at 2850. Moreover’ 
the measures we have taken of the wave-length of this last line, with 
a Rutherford grating of 17,296 lines to the inch, indicate a wave¬ 
length 2852 nearly, which is still closer to the half of 5710. 

In Cornu’s map of the solar spectrum a line is ascribed to mag¬ 
nesium with the wave-length 3278. Although a line at this place 
appears in many of our photographs of the arc, we have not been able 
to identify it as a line due to magnesium. It does not show any 
increased strength when magnesium is introduced into the arc. When 
metallic magnesium is dropped into a crucible of magnesia or lime 
through which the are is passing, the electric current seems some¬ 
times to be conducted chiefly or entirely by the vaporised metal, so 
that the lines of other metals almost or wholly disappear; but the 
line at wave-length 3278 does not in such cases appear, though tho 
other magnesium lines are very strongly developed. The line at 
wave-length 2850 is often, under such circumstances, enormously 
e:?q>anded and reversed, those at wave-lengths 2801, 2794, and the 
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alternate difEnse triplets, including those near L and near S^mudi 
expanded and reversed, and the group of five hues (2776 2782) 


somemmes I'tsvcx'sscvA. ^ . 

When the arc of a Siemens machine is taken in a magnesia crncible, 
the strong line of the flame spectrum, wave-length 4570, is well seen 
sharply defined; it comes out strongly and a little expanded on drop¬ 
ping in a fragment of magnesium. When a gentle stream of hy^ogen 
led in through a hollow pole, this line is frequently reversed as a 
sharp black line on a eontinnous background. Prom companng the 
position of this line with those of the titanium lines in its neighbour- 
hood, produced by putting some titanic oxide into the crucible, we 
have little doubt that it is identical with the solar hue 4570-9 of 


Angstrom. . ■ 

When the arc is taken in a crucible into which the air has access,^ 
it may be assumed that the atmosphere about the arc is a mixture of 
nitrogen and carbonic oxide. When a stream of hydrogen is passed, 
either through a perforated pole or by a separate opemng, into the 
^srueible, the general effect is to shorten the length to which the are 
can be drawn out, increase the relative intensity of the continuous 
spectrum, and diminish the intensity of the metallic lines. Thus, with 
a very gentle stream of hydrogen in a magnesia crucible, most of 
the metallic lines, except the strongest and those of magnesium, dis¬ 
appear. Those lines which remain are sometimes reversed; those at 
wave-length 2850 and the triplet near L being always so. With a 
stronger stream the lines of magnesium also disappear, the h triplet 
being the last in that neighbourhood to go, and bi and remaining 

after bas disappeared. _ 

Chlorine seems to have an opposite effect to hydrogen, generally 
intensi^g thq metallic lines, at least those of the less volatile metals, 
but it does not ’sensibly affect the spectrum of magnesium. Nitrous 
oxide produces no marked effect; coal-gas acts much as hydrogen. 


Sjpecirum of the Sjparh, 

In the spark of an induction coil taken between magnesium points 
in air we get all*the lines seen in the arc except two lines at wave¬ 
lengths 4S50 and 4166, two lines above U, and the series of triplets 
more refrangible than the quintuple group about wave-length 2780. 
The blue line wave-length about 4570 is seen in the spark without 
a jar when the magnesium electrodes are close together, and the 
rheotome made to work slowly, but requires for its detection a spec¬ 
troscope in which the loss of light is small. 

On the other hand, some additional lines are seen. Of these, the 
strong line at wave-length 4481 and the weak line at 4586 are well 
imown. Another faint line in the blue at wave-length 4808* has been 

^ This line we first noticed in a former cominumcation (“ Proc. Roy. Soc,, 
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obseryed by us in the spark, and two dij0b.se pairs between H and the 
triplet near L. Two ultra-violet lines at wave-lengtbs 2934*9, 2926*7 
{Cornu) are near, but not identical witk, two lines of tbe arc above 
mentioned ; and two more lines at wave-lengths 2797*1,2789*9 (Cornu) 
make a quadruple group with tbe very strong pair wbiob are con¬ 
spicuous in tbe arc in tbis region. Tbe spectrum of tbe spark ends, 
so far as we bave observed, with tbe quintuple group (2782—2776) 
already described in tbe arc. Tbe lines of tbis spectrum are given in 
fig. 3. 

When a Leyden jar is used witb tbe coil, some of tbe lines are 
reversed. Tbis is notably tbe case witb the triplet near L, tbe line at 
wave-lengtb 2850, and those at 2801 and 2794. Cornu (‘*Compt. 
Eend.,” 1871) noticed tbe reversal of tbe less refrangible two lines of 
tbe triplet near L under these circumstances. • Tbis ej00ect is very 
much increased by increasing tbe pressure of tbe gas in which tbe 
spark is taken. Eor tbe purpose of observing tbe influence of increased 
pressures, we bave used a CaiUetet pump and glass tubes similar 
to those employed in tbe liquefaction of gases by means of such a pump, 
but witb an expansion of the upper part in which were magnesium 
electrodes attached to platinum wires sealed into tbe glass. Tbe tube 
baviug been filled witb gas at tbe atmospheric pressure, was sealed at 
its upper end, while tbe lower end dipped into mercury contained in 
the iron bottle of the Cailletet pump, and tbe gas was afterwards com¬ 
pressed by driving more or less mercury into tbe tube. Tbe gases 
used were hydrogen, nitrogen, and carbonic oxide; and tbe image of 
the spark was thrown on to tbe slit of tbe spectroscope by a lens. In 
hydrogen, when no Leyden jar was used, the brightness of tbe yellow 
and of tbe blue lines of magnesium, except at first that at wave-length 
4570, diminished as tbe pressure increased; while, on tbe other band, 
tbe 6 group was decidedly stronger at tbe higher pressure. Tbe 
pressure was carried up to 20 atmospheres, and then tbe magnesium 
lines in tbe blue and below almost or entirely disappeared, leaving only 
tbe h group very bright, and tbe magnesium-hydrogen bands which 
are described below; even tbe hydrogen lines F and 0 were not 
visible. When a jar was used, tbe magnesium lines expanded as tbe 
pressure was increased; aU three lines of the h group were expanded 
and reversed at a pressure of 5 atmospheres ; tbe yellow line, wave- 
lengtb 5528, was also expanded but not reversed; and tbe line at 4481 
became, a broad, very difimse band, but tbe line at wave-lengtb 4570 
was but very little expanded. Tbe expansion both of tbe 6 group and 
of tbe yellow line seemed to be greater on tbe less refrangible than on 
tbe more refrangible side of each line, so that tbe black line in those 

vol. 27, p. 353), but the wave-length is there given, through an error in taking out the 
ordinate of the curve of interpolation, as 4797 instead of 4807. Another measure 
has given the wave-length 4808. 
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wHch were reversed was not in the middle. When the jar was used 
the pressure could not be carried beyond 10 or 12|-atmospheres, as the 
resistance became then so great that the spark would not pass across 
the small distance of about 1 niillim. between tbe electrodes. At 
a pressure of 2^ atmospheres, with a jar, the ultra-violet magnesinm 
triplet near L was very well reversed, and the two pairs of lines on its 
less refrangible side (shown in fig. 3) were expanded into two diffuse- 
bands. 

In nitrogen and in carbonic oxide the general effects of increased 
pressure on the magnesinm lines (not the magnesium-hydrogen bauds)' 
seemed to be much the same as in hydrogen. Without a jar the blue 
and yellow lines were enfeebled, and at the higher pressures dis¬ 
appeared, while the h group was very brilliant but not much ex¬ 
panded. With the jar all the lines were expanded, and all three lines 
of the 1) group strongly reversed. The bands of the oxide (wave¬ 
length 4930—5000) were not seen at all in hydrogen or nitrogen^, 
they were seen at first in carbonic oxide, but not after the sparking 
had been continued for some time. 

The disappearance of certain lines at increased pressure is in harl 
mony with the observations of Gazin (“Phil.Mag.,” 1877, vol. iv, 154), 
who noticed that the banded spectrum of nitrogen, and also the lines, 
grew fainter as the pressure was increased, and finally disappeared. 
When a Leyden jar is employed there is a very great increase in the 
amount of matter volatilised by the spark from the electrodes, as is 
shown by the very rapid blackening of tbe sides the tnbe with the 
deposited metal, and this increase in the amount of metallic vapour 
may reasonably be supposed to affect the character of the discharge, 
and conduce to the widening of the lines and the reversal of some of 
them. Without a jar the amount of matter carried off the electrode 
also doubtless increases with the pressure aud consequent resistance, 
•and may be the cjause of the weakening, as Gazin suggests, of the lines 
of the gas in which the discharge is passed. It is to be noted, moreover, 
that the disappearance of the hydrogen lines depends, in some degree, 
on the nearness of the electrodes. The lines G and F which were, as 
above stated, sometimes invisible in the spark when the electrodes 
were near, became visible, nnder circumstances otherwise similar, 
when the magnesium points had become worn away by the discharge. 

M. Oh. Pievez (“ Bull, de TAcademie Boyale de Belgique,’,' 1880, 
p, 91) has investigated the variations in the appearance of the spark 
spectrum of magnesium under certain different conditions. Using a 
Rutherford grating of 17,296 lines to the inch, he has noticed certain 
ines about the h group which increase in number with the order of 
tie spectrum observed. He has also noticed dark lines in tbe solar 
;^eetram corresponding to these lines of magnesium when the two 
;:||peetra were superposed (fig. 5). We have noticed similar lines in the 



1881.] Investigations on the Spectrum of Magnesium. 195 

spectrum of magnesium given hj a JRutlierford grating, but attribute 
tbem to a different cause. Tbe Rutberford gratings have a periodic in¬ 
equality in tbe ruling, due to an imperfection of tbe screw of tbe ruling 
macbine, in consequence of wbicb tbe image of every bright Hue is 
accompanied by a series of fainter images at nearly equal distances on 
either side of it, diminishing rapidly in brightness as they recede from 
tbe principal line. These ghosts are so much fainter than tbe principal 
lines that they are not noticed in tbe case of any but bright lines, and 
except in tbe case of very bright lines only two, one on each side, are 
seen to accompany each principal line. 

Fi©. 5. 


iooiar spectrum 
by Rutherford 
grating 4th 
order after M. 
Fievez. 

Magnesium. 
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Fig. 6. 


Tbe positions of these ghosts have been investigated by Mr. Peirce 
in tbe “Mathematical JoumaP* of tbe Johns Hopkins University, 
Baltimore, who has found theoretically, and confirmed it by actual 
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ot^ervation, that the distance between successive images of the same 
line is dii’ectly proportional to the dispersion and inversely^ as the 
order of the spectrum. Our own observations of the positions of 
the ghosts of the h group of magnesium lines in spectra of different 
orders agree closely with Mr. Peirce’s theory, and two different 
Rutherford gratings both give us the same results. The annexed dia¬ 
gram (figs. 6 and 7 ) gives the relative positions of the first pair of 
ghosts of each of the lines of the h group in the spectra of the third 
knd fourth orders, when the angle between collimator and telescope’ 
is 45°. If this is compared with M. Ch. Fievez’s map, it will be seen 
that he has probably been deceived by these ghosts, both in the solar- 
spectrum and in that of the spark; but as he does not state the angle- 
between his collimator and telescope, no exact comparison can be 
made. These ghosts are-sometimes very embarrassing when many 
lines are in the field of view, but they may be detected by comparing- 
the spectra of different orders, as the ghosts have different relative 
positions in the spectra of different orders. In the spectrum of the 
third order the first ghost of on the more refrangible side falls on 
and that of ^4 on its less refrangible side falls on 


The Magnesivm^hydrogen S;pecfrum. 


lathe ^ Proc. Roy. Soc.,” vol. 27, p. 494, and vol. 30, p. 93, we have* 
^recorded a series of experiments which led us to attribute to magnesium 
together with hydrogen a peculiar spectrum. This spectrum we have 
on no occasion been able to detect in the absence of hydrogen. Ob¬ 
servations on the spark discharge in nitrogen, in carbonic oxide, and 
in hydrogen, at reduced pressures, confirmed the results given in the 
first-mentioned paper, when the discharge was taken in the gases at 
aknospheric pressure. It was further shown that this peculiar spec¬ 
trum oouH be reversed during the voltaic discharge in a lime crucible, 
provided magnesium and hydrogen were both present, but not in the 
absence of hjdrogem Likewise the flame of bnming magnesium was- 
found to emit this spectrum when the combustiou occurred in an 
atmosphere containii^ either free or combined hydrogen. In summing 
up our results the following opinion was expressed:— 

“ The experiments above described, with nitrogen and carbonic 
oxide at redact pressures, are almost if not quite conclusive against 
the supp<^tion ihat the line at 5210 is due merely to the lower tem¬ 
perature of the spark in hydrogen. Prom De La Rue and Muller’s 
observations it would appear that nitrogen at a pressure of 400 millims.. 
^ould produce mtich the same effect on the spark as hydrogen at 
millims. ITow the pressures of the nitrogen and carbonic oxide 


reduced far below this without any trace of the line in question 
v^ble. Moreover, the magnesium line at 4481, which is not 
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seen in tlie arc, and may be reasonably ascribed to the higher tem¬ 
perature o£ the spark, may be seen in the spark at the same time 
as the line at 6210 when hydrogen is present. Nevertheless, tem¬ 
perature does seem to affect the result in some degree, for when a 
large Leyden jar is used, and the gas is at the atmospheric pressure^ 
the line almost disappears from the spark, to reappear when the 
pressure is reduced; but by no variation of temperature have we been 
able to see the line when hydrogen was carefully excluded. 

“ A line of the same wave-length has been seen by Young in the 
chromosphere once. Its absence from the Fraunhofer lines leads ta 
the inference that the temperature of the sun is too high (unless at 
special times and places) for its production. If it be not due to a 
compound of magnesium with hydrogen, at any rate it occurs with 
special facility in the presence of hydrogen, and ought to occur in the 
sun if the temperature were not too high. 

We have been careful to ascribe this line and its attendant series 
to a mixture of magnesium and hydrogen rather than to a chelnical 
compound, because this expresses the facts, and we have not yet 
obtained any independent evidence of the existence of any chemical 
compound of those elements.’* 

Fig. 4 shows more completely than we have given it before the 
general character of this spectrum, which consists of two sets of 
flutings and a pair of fainter bands, the flutings closely resembling 
in character the hydrocarbon flutings, each fluting consisting of 
a multitude of fine lines closely set on the less refrangible side 
and becoining wider apart and weaker towards the more refrangible 
side, but extending under favourable circumstances much further 
than is shown in the figure. The set in the green is the stronger, 
and it was to this that our former observations were confined. It 
has two flutings, one beginning at about wave-length 5210 and the 
other close to on its more refrangible side. The other set consists 
of three principal flutings, of which the first begins at about wave¬ 
length 6618, the next at about wave-length 5566, and the third begins 
with three strong lines at about the wave-lengths 5513, 5512, 5511. 
Both sets are very well seen when a magnesium wire is burnt in the 
edge of a hydrogen flame, and in the arc in a crucible of magnesia 
when a gentle current of hydrogen is led into it. The less refrangible 
edges of the bands are at wave-lengths about 4849 and 4803. 

As Mr. Lockyer, in a paper entitled “ A New Method of Spectrum 
Observation ” (“ Proc. Boy. Soe.,” vol. 30, p. 22) has brought for¬ 
ward this spectrum as illustrative and confirmatory of his views 
regarding the possibility of elemental dissociation at different heat- 
levels, we have been induced to review our former work. The view 
taken by Mr. Lockyer may be expressed in his own words. 

“ The flame spectrum of magnesium perhaps presents us best with 
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the heantifal effects produced by the passage from the lower to the 
higher heat-level, and shows the important bearing on solar physics 
of the results obtained by this new method of work, 

“ In the flame the two least refrangible of the components of h are 
seen associated with. a line less refrangible so as to form a triplet. 
A series of flutings and a line in the blue are also seen. 

032 passing the spark all these but the two components of h are 
abolished. We get the wide triplet replaced by a narrow one of the 

same form, the two lines of h being common to both. 

“ May we consider the existence of these molecular states as forming 
a true basis for Dalton’s law of multiple proportions ? If so, then 
the metals in different chemical combinations will exist in different 
molecular groupings, and we shall be able, by spectrum observations, 
to determine the particular heat-level to which the molecular complexity 
of the solid metal, induced by chemical aifinity, corresponds. 

Uxam^ples. —ISTorie of the lines of magnesium special to the flame 
spectrum are visible in the spectrum of the chloride either^when a flame 
or a spark is employed.” 

In order to ascertain if this spectrum could be produced at a high 
temperature in the presence of hydrogen, ■ which element we have 
already shown to be essential to its production at the atmospheric and 
at reduced pressures, the series of experiments already mentioned in 
describing the spark spectrum were made with hydrogen at pressures 
increasing up to twenty atmospheres. 

On the supposition that this spectrum originates from the formation 
of some chemical compound, probably formed within certain limits of 
temperature when vapour of magnesium is in presence of hydrogen, 
the stability of the body ought to depend largely on the pressure of 
the gaseous medium. Like Graham’s hydrogenium, this body might 
be formed at a temperature at which it would under ordinary circum¬ 
stances be decomposed, provided the pressure of the hydrogen were 
correspondingly increased. In fact, it has been shown by Troost that 
the hydrides of palladium, sodium, and potassium all follow strictly 
the laws of chemical dissociation enunciated by Deville; and increased 
pressure by rendering the compound more stable, provided the secondary 
effect pf such pressure in causing a higher temperature in the electric 
discharge were not overpowering, ought to conduce to a more continuous 
and brilliant spectrum of the compound. Conversely, if such a more 
continuous and brilliant spectrum be found to result, in spite of the 
higher temperature, from increased pressure, it can only be explained 
by the stability of the substance being increased with the pressure. 

InTow what are the facts ? When the spark of an induction coil, 
without a Leyden jar, is passed between magnesium electrodes in 
hydrogen at atmospheric pressure, the flutings in the green are, as 
before described, always seen, but they are much stronger at the poles 
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and do not always extend quite across tlie field. As the pressure' is 
increased, however, they increase in brilliance and soon extend per¬ 
sistently from pole to pole, and go on increasing in intensity, until, at 
fifteen and twenty atmospheres, they are fully equal in brilliance to 
the h group, notwithstanding the increased brightness these have 
acquired by the higher temperature, due to the increased pressure. 
The second set of fiutings, those in the yellowish-green, come out as 
the pressure is increased, and, in fact, at twenty atmospheres only 
the h group and the fiutings are noticeable ; if the yellow magnesium 
line be visible at all it is quite lost in the brilliance of the yellow 
fiutings. The tail of fine lines of these fiutings extend at the high 
pressure quite up to the green, and those of the green fiutings quite 
up to the blue. On again letting down the pressure the like phe¬ 
nomena occur in the reverse order, but the brilliance of the fiutings 
does not diminish so rapidly as it had increased. If, now, when the 
pressure has again reached that of the atmosphere, a large Leyden jar 
be interposed in the circuit, on passing the spark the fiutings are still 
seen quite bright, and they continue to be seen with gradually 
diminishing intensity until the sparks have been continued for a con¬ 
siderable time. It appears that the compound, which had been 
formed in large quantity by the spark without jar at the higher 
pressures, is only gradually decomposed, and not re-formed, by the 
high temperature of the spark with jar. This experiment, which was 
several times repeated, is conclusive against the supposition that the 
fiutings are merely due to a lower temperature. "When the pressure 
was increased at the same time that the jar was employed, the fiutings 
did not immediately disappear, but the expansion of the magnesium 
lines and the increase of the continuous spectrum seemed to over¬ 
power them. 

"W^hen nitrogen was substituted for hydrogen, the strongest lines of 
the green fiutings were .seen when the spark without jar was first 
passed at atmospheric pressure, probably from hydrogen occluded, as 
it usually is, in the magnesium electrodes. AlS the pressure was 
increased they speedily disappeared entirely and were not again seen 
either at high or low pressures. 

"With carbonic oxide the same thing occurred as with nitrogen; but 
in this gas the fiutings due to the oxide of magnesium (wave-length 
4930 to 5000) were, for a time, very well seen. 

Ciamician Sitzungsber. Akad. Wissensch.,’’ Wien, 1880, p. 437) 
has described a spectrum of magnesium of the first order (in 
Pliicker’s nomenclature) obtained by taking sparks from an induc¬ 
tion coil, without a jar, between magnesium electrodes in an atmo¬ 
sphere of hydrogen. He gives a figure to a scale of this spectrum, 
but it is not to a scale of wave-lengths, so that exact comparison 
of his observations with ours is difi&cult. The least refrangible set of 

^ VOL. XXXII. p* 
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flutings m Ms figure corresponds very well witfi that we have 
descriid in the yellowish-green. The next set. m the green, xn hxs 
figure does not, however, correspond exactly with oum, it begins 
nearer to i than we have observed and consists of four fin mgs, 
whereas we observe bnt two in this set. It looks as if, m his figure, 
the magnesium-hydrogen specti-um were superposed upon the hydro¬ 
carbon ^ectrum in this region. Further, he gives a third more 
refrangible set of fiutings which we have only observed as two blue 
bands, not fluted. This third set of flutings, as drawn m his figure, 
appears to be somewhat more refrangible than the set due to 
the oxide, and occupies partly the place of the blue hydrocarbon 
series, but a passage in the text, in which he says that the mag¬ 
nesium spectrum of the second order might, without measurement, 
easily be taken to be identical with that of carbon, almost negatives 
the supposition that this set of flutings is the blue hydrocarbon set 
and mistaken for a magnesium spectrum of the first order. To^wha^ 
ever it may be due, we have not seen anything closely resembling it 
the circumstances described by him, though our observations 
on the spark spectrum of magnesium in hydrogen have now been 
repeated with all the variations of circumstance which we could 
devise, 

Mr, Lockyer states (loc. clt.) that none of the lines of inagnesnim, 
special to the flame spectrum, are visible in the spectrum of the 
chloride, either when a flame or a spark is employed. But we find that 
when the spark is taken between platinum points from a solution of 
the chloride of magnesium, in a tube such as those used by Delachanal 
and Mermet, the line at wave-length 5210 can frequently he seen in it 
when the tube is filled with air, and that if the tube be filled with 
hydrogen the green flutings of magnesium-hydrogen are persistent 
and strong. 

Biepeated observations have confirmed our previous statements as 
to the facility with which the magnesium-hydrogen spectrum can be 
produced in the arc by the help of a current ^ of the gas. In a 
magnesia crucible, by regulating the current of hydrogen, the flutings 
can be easily obtained either bright or reversed. 


Gomjparison of the Spectra, 

When we compare the spectra of magnesium in the flame, arc, and 
spark, we observe that the most persistent line is that at wave-length 
2850, which is also the strongest in the flame and arc, and one of the 
strongest in the spark. The intensity of the radiation of magnesium 
at this wave-length is witnessed by the fact that this line is always 
reversed in the flame as well as in the arc when metallic magnesium 
is introduced into it, and in the spark between magnesinm electrodes 
when a Leyden jar is used. It is equally remarkable for its power of 
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expansion. In the flame it is a broad band, and equally so in the arc 
when magnesium is freshly introduced, but fines down to a narrow 
line as the metal evaporates. 

Almost equal in persistence are the series of triplets. Only the 
least refrangible pair of these triplets is seen in the flame^ another 
pair is seen in the spark, but the complete series is only seen in the 
arc. We regard the triplets as a series of harmonics,, and to account 
for the whole series being seen only in the arc we must look to some 
other cause than the temperature. This will probably be found in the 
greater mass of the incandescent matter contained in the crucible in 
which the arc was observed. 

The blue line of the flame at wavelength 4570 is well seen in the 
arc, and is easily reversed, but is always a sharp line, increased in 
brightness but not sensibly expanded by putting magnesium into the 
crucible. In the spark, at atmospheric pressure, it is only seen close 
to the pole or crossing the field in occasional flashes ; but seems 
to come out more decidedly at rather higher pressures, at least in 
hydrogen. 

The series of bands near L, well developed in the flame, but not 
seen at all in the arc or spark, look very much like the spectrum of a 
compound, but we have not been able to trace them to any particular 
combination. Sparks in air, nitrogen, and hydrogen have alike failed 
to produce them. The very strong, rather diffuse triplet atM, with 
which they end, so closely resembles in general character the other 
magnesium triplets, that it may well be connected with that constitu¬ 
tion of the magnesian particle which gives rise to the triple sets of 
vibrations in other cases, but, if so, its presence in the flame alone is 
not easily explained. 

The occurrence of this triplet in the ultra-violet, and of the re¬ 
markable series of bands associated with it, as well as the extra¬ 
ordinary intensity of the still more refrangible line at wave-length 2850, 
which is strongly reversed in the spectrum of the flame, corroborates 
what the discovery of the ultra-violet spectrum of water had revealed, 
that substances at the temperatures of flames while giving in the less 
refrangible part of the spectram more or less continuous radiation, may 
still give, in the regions of shorter wave-length, highly discontinuous 
spectra, such as have formerly been deemed characteristic of the 
highest temperatures. This subject we wiU not discuss further at 
present, but simply remark what we have stated formerly, that ** it 
opens up questions as to the enormous power for radiation of short 
wave-length of gaseous bodies at the comparatively low temperature 
of flame with regard to which we are accumulating facts.*"’ 

In the arc and spark, but not in the flame, we have next a very 
striking group of two very strong lines at wave-lengths about 2801 
and 2794, and a quintuple group of strong but sharp lines above 

^ p 2 
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a^p^e of tie Mgier triplets, tie smallness of tie ^candescent 

Ti*^f It'in tie arc near U appear to ie represented in tie 
Bvtk by an ecinaUy strong, or stronger, pair near bnt not ^^entic^ m 
S2on Tie possMity of snci a siift, affecting ^ese two_ Imes 
Ly in tie wiole spectrum and affecting them nnejaUy, ^ 

preLt state of our knowledge be very muci^a matter of 
Perhaps sufficient attention has not hitherto been directed to tie 
probaMlity of vibrations being set up directly by tie electric discharge 
Fudependmitly of tie secondary action of elevation of temperature. 
SomF of tie observations above described, and many others well 
known, indicate a selective action by <wiiei an electric discharge 
lights up certain kinds of matter in its path to tie exclusion of others, 
and it is possible that in the case of vibrations which are not those 
mostessfly assumed by the particles of magnesium, the character of 

the impui may slightly affect the period of ^bration. The fact tha^ 
so ffir as observations go. the shift in the case of t^s pair of 
magnesium lines is definite and constant, militates against the supposi¬ 
tion suggested. On the other hand, the ghost-hke pairs of Imes 
observ^ in the spark below the triplet near L, suggest the idea that 
some of the particles have'their tones flattened by some such cause. 

The strong pair at wave-length 2801, 2794, are accompamed in the 
spark, but not in the arc, by a much feebler, slightly more refrangible 
pair, but these have not the diffuse ghost-like character of those 3 ust 

^Thiehnes are phenomena of the high potential discharge in which 
particles are torn off the electrodes with great violence, and may well 
be thrown into a state of vibration which they wiU not assume by 


mere elevation of temperature. 

There are two lines in the spark besides the well-known line at 
wave-length 4481 which have not been observed in the arc, but they 
are feeble and would be insignificant if it were not the faet that they,M 
well as the line at wave-length 4481, all short lines seen generally only 
aboutthe poles, appearto bepresent in the solar spectrum. In the sun 
we seem to have all the linesuommon to the flame, arc, and spark (unless 
the line given in Ijigstrom’s map at 4570‘9 be not identical as we believe 
it to be with the magnesium line), and possibly, judging by Entherf ord’s 
photc^ph, the strong triplet of the flame at M; but one line common 
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to tlie arc and spark at wave-lengtli 4703 does not appear in Angstrom’s 
map. It is hard to account for its absence, as it is present in Kircb- 
boff’s map and in Rutherford’s photograph. We have noticed, however, 
that when the spark is taken in hydrogen, the line at wave-length 4570 
appears stronger than that at wave-length 4703, while the reverse is 
the case when the atmosphere is nitrogen. It is possible then that 
the atmosphere may, besides the resistance it o:Eers to the discharge, 
in some degree affect the vibrations of the metallic particles. 

When we have made all the simplifications that we can by elimi¬ 
nating, as we hope we have done satisfactorily, the hydrogen-magnesium 
flutings, and by supposing the whole series of triplets to be harmoni¬ 
cally related, and possibly some of the single lines also to be similarly 
related, we have still the fact that the chemical atoms of magnesium 
are either themselves capable of taking up a great variety of vibra¬ 
tions, or are capable by mutual action on each other, or on particles of 
matter of other kindy of giving rise to a. great variety of vibrations of 
the luminiferous ether; and to- trace satisfactorily the precise con- 
nexio-n between the occurrence of the various vibrations and the 
circumstances under which they occur, will require yet an extended 
sex'ies of observations. 


IV. Note on the Reduction of the Observations of the Spectra 
of 100 Sun-spots observed at Kensington.” By* J.. Norman 
Lookyer, F.R.S. Received May 12, 1881. 

[Plate 2.] 

In anticipation of a more detailed communication, I beg to lay 
before the Royal Society some of the results of the reduction off the 
six most widened lines between F and h seen in the spectra of 100 
sun-spots, observed at Kensington between November 12th, 1870, and 
September 29th, 1880, limiting my remarks solely to-the spectrum of 
iron. 

In the accompanying map, the Fraunhofer lines agreeing in 
position with the iron lines given by Angstrom and Thalen are 
entered in the horizon headed “Sun,” in the next are plotted the 
lines assigned to iron by Angstrom, who used the electric arc in his 
experiments. In the next horizon are entered the iron lines given by 
Thalen, who employed the induction coil in his experiments. In these 
three horizons the lengths of the lines represent their intensities. 

The individual observations of the sun-spotshaving been plotted out 
on another map, the number of times each line was seen was ascer¬ 
tained, and is entered in the next horizon under “ Frequencies in Sun- 
Spots.” 
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In tte next horizon are entered the frequencies with iron 

lines were seen in observations of a hundred flames by Tacchini. In 
both these horizons the lengths of the lines represent frequency. 

This map shows that within the region F to I, there is no line com¬ 
mon to spots and flames, if the lines 63 ^ 4 . which are so frequently seen 
affected in both spots and flames, be neglected. If , therefore, we were 
nnacquainted wfth the spectrum of iron, we should be justified m say¬ 
ing that the spectrum of the prominences was due to one substance, 

and that of the spots to another.* , iq,q t 

In a paper presented to the Royal Society in December, 1878,1 
drew attention to the fact that many of the lines most frequently seen, 
in the flames by Young and Tacchini were assigned by Angstrom to 
the spectra of two so-called elements. In the map I have entered his 

results in the horizon arc A. 

I have since that time had prepared a table, showing the lines 
having coincident readings in two or more metals, according to Thalen 
and in my paper of March 5th, 1879, “ Discussion of Young s List of 
Chromospheric Lines,” showed that some of these lines could not be 
due to impurity. The lines given coincident by Thalen in his tables, 

are entered in the horizon spark T. i j 

I have confirmed in most cases Thalen’s and Angstrom s work, and 
have proved that these lines could not be due to an impurity of the 
one in the other, as the longest lines of each were absent from the 
other. I Tised the arc, quantity coiJ, and intensity coil, which are 
respectively indicated by arc L, spark LQ, and LI, with high dis- 

^^B^s^des confirming ThaMn’s and Angstrom’s work, I have been able 
to add a few more basic lines to the list. 

I have already pointed out that the fact of different rates of motion 
being indicated by different iron lines in the same field of view at the 
same time, afforded important evidence that we were not dealing with 
iron itself, but with primitive forms of matter contained in iron, which 
are capable of withstanding the high temperature of the sun, after 
the iron, observed as such, has been broken up as suggested by Brodie.f 
An appeal to the principles of continuity and evolution now enables 
ns to add another argument of equal weight. If on the cooling of a 


• It will be observed that the Une at 5017-5 given ^ong the flame observations in 
the map is not recorded as an iron line by either ingstrSm or Thaife. The way. 
however, in Which it symp8t.hi8ed with the line at 4923 in the flames induced me to 
look for it in iron with the intensity coiL I at once found it, and it is as sympa- 
with the line at 4923 in the spark as it is in the flames themselves. Though 
by (most likely aooidentaUy, thougn it may well be that he did not 

vae tension to bring it out strongly), it is recorded as an iron line by other 

obserrers* , , . 

t Or.rather, of course, before “iron” had been formed by condensation. 
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mass of vapour ultimately to form a star, each reductiou of tempera¬ 
ture increases the number and complexity of the chemical forms by 
rendering new combinations possible, these new combinations will con¬ 
tain the earlier ones in different proportions. If, for instance, the 
members of the iron groups are not elementary, they will contain 
earlier forms, as the salts of calcium contain calcium, which once 
existed as calcium in the atmosphere of the earth before the salts were 
produced as the result of a subsequent condensation brought about by 
cooling. 

The discussion in the accompanying map shows that this is really 
the case, and that it is the lines which are common to two or more 
substances which in the main produce the spectra of the lower, and 
therefore hotter, region of the solar atmosphere. This natural result 
at once explains the strange variations from the ordinary spectra 
which have puzzled observers ever since the new method was intro¬ 
duced. More than this, these are precisely those lines which have 
their intensities strengthened when we pass from the arc to the coil. 

It is veiT instructive to note the gradual simplification of the iron 
spectrum by increased temperature as we pass from the arc through 
the spots to the flames, and how with this increasing simplicity we find 
the basic character of the lines increasing, only one basic line on the 
map having been yet obsejwed among those lines seen in the arc alone. 



Solar spectrum. 

Arc. 

Quantity coil, with jar. 

„ „ no jar. 

Intensity coil, with jar. 

„ „ no jar. 

Spots. 

Prom. Tacchini. 

„ Young. 

Reversed in penumbra of 
spot, August 5, 1872. 
Yoxmg. 

Motion. 


The accompanying figure shows what happens with regard to three 
adjacent iron lines under different solar and terrestrial conditions, ai|d 
I give it because it indicates that one of the most important inquiries 
to be taken up in the eclipses of next year and 1883, will 1^ the 
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determinatioD of tte inteBsities of the spot a^d flame lines, and the 
he^hts in the solar atmosphere at which t ey are -nsi ® ^ ® 

moment of disappearance and reappearance of the snn. The spectrum 
5 the lower paS of the corona itself should also be observed, with a 
proper amoimt of dispersion with instruments afiordmg a great 

S’tim. ago to a. Royal BooMy that the aoa line, 
visible in the arc but not in the spark, in aU probability owe them 
Ixistence among the IFraunhofer lines to an absorption going on in 
the cooler levels, above the flame and spot regions. Alook at the map 
wiU show how important it will be to adjust a speotrosoope on the 
toes shown in the figure, and contrast their behaviour with the other 
twelve adjacent arc Hues which are prominent neither in spark nor 
spot nor We. It is to be feared that any observer who attempts 
tTdo more than such a restricted piece of work as this will doubt his 
own results. The time has arrived when minute observations must 
take the place of mere general ones. 


May 19,1881. , 

THE PRESIDENT in the Chair. 

• The Presents received were laid on the table and thanks ordered for 
them. 

The Right Hon. William Ewart Gladstone was admitted into the 
Society. 

The following Papers were read:— 


1. “ On Discontinuous Phospiorescent Spectra in High Vacua.” 
By WniiAM Crookes, F.R.S. Received March 31,1881. 

In a paper which I had the honour of presenting to the Royal 
Society in March, 1879,* I drew attention to the fact that many sub¬ 
stances, when in high vacua and submitted to the molecular discharge 
by Tr.fta.T<g of an induction coil, emitted phosphorescent light; and I 
especially mentioned the phosphorescent sulphides, the diamond, the 
ruby, and various other forms of alumina, crystalline and amorphous. 

Prure alumina chemically prepared has very strong phosphorescence. 
Shlphate of alumina is dissolved in water, and to it is added an excess 

^ ** Phil. Trans.,” vol. 170. 
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of solution of ammonia. The precipitated hydrate of alumina is 
filtered, washed, ignited, and tested in the molecular stream. It 
phosphoresces of the same crimson colour, and gives the same spectrum 
as the ruby. 

Alumina in the form of ruby glows with a full rich red colour, and 
when examined in the spectroscope the emitted light is seen to be dis¬ 
continuous. There is a faint continuous spectrum ending in the red 
somewhere near the line B; then a black space, and next an intensely 
brilliant and sharp red line, to which nearly the whole of the intensity 
of the coloured glow is due. The wave-length of this red line, which 
appears characteristic of this form of alumina, is, as near as I can 
measure, X 689*5 m.m.m. This line coincides with the one described 
by E. Becquerel as being the most brilliant of the lines in the spectrum 
of the light of alumina in its various forms, when glowing in the 
phosphoroscope. 

This coincidence is of considerable inierest, as it shows a relation 
between the action of molecular impact and of sunlight in producing 
luminosity. The phosphorescence induced in a crystal of rubj by the 
molecular discharge is not superficial, but the light comes from the 
interior of the crystal, and is profoundly modified according as its 
direction of vibration corresponds or makes an angle with the axis of 
the crystal, being quenched in certain directions by a Nieol prism. 

Sunlight falling on the ruby crystal produces the same optical phe- 
nomena. The light is internally emitted, and on analysis by a prism, 
is seen to consist essentially of the one brilliant crimson line, X 689*5. 
This fact may account for the extraordinary brilliancy of the ruby, 
which makes it so highly prized as a gemr The sun not merely 
renders the red-coloured stone visible, as it would a piece of coral, but 
it excites the crystal to phosphorescence, and causes it to glow with a 
luminous internal light, the energy of which is not di&ised over a 
broad portion of the spectrum, but is chiefiy concentrated into one 
wave-length. 

The crimson glow of alumina remains visible some time after the 
current ceases to pass. When the residual glow has ceased it can be 
revived by heating slightly with a spirit-lamp. 

After long experimenting with chemically pure alumina precipitated 
from the sulphate as above described, a curious phenemenon takes 
place. When sealed up in the vacuum two years ago it was snow 
white; but, after being frequently submitted to the molecular discharge 
for the purpose of exhibiting its brilliant phosphorescence, it gradually 
assumes a pink tinge, and on examination in sunlight a trace of 
the alumina line can be detected. The repeated molecular excitation 
is slowly causing the amorphous powder to assume a crystalline form. * 

Under some circumstances, alumina glows with a green colour. 
Ammonia in large excess was added to a dilute solution of alum. The 
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strong ammoniacal solution filtered from tke precipitated alumina 
^ Wlpd The alumina which the excess of ammonia had dis- 

tesled in the moleclr discharge. It gave no red light whatever, 
but phosphoresced of a pale green, and on exam^tion with a prism 
the hght showed no lines, but only a concentration of light in the 

^Two earthen crucibles were tightly packed, the one with sul- 
phate of alumina, the other with acetate of alumina. They were 
then exposed, side by side, to the most intense heat of a wind Wee 
—a heat little short of the melting-pomt of platinum. The resultmg 

aluminas were then tested in the molecular stream. 

The alumina from the sulphate gave the crimson glow and the 
^^ThTXl^a from the acetate gave no red glow or Kne, but a pale 

ffreen.phospliorescence. i? -l- i j 

In my examination of rubies, many pounds of which have p^sed 
through my apparatus, I have been fortunate enough to meet with one 
solita^ crystal, not to the eye different from others, whioU emits a 
qrem light when tested in the molecular stream. All others act as I 
may call normally. The spectrum of this green-glowing crystal shows, 
however, a trace of the red line, and on keeping the discharge acting 
on it for a few minutes the green phosphorescence grows famter and a 
red tinge is developed, the spectrum line in the red becoming more 

Besides the ruby, other native forms of crystallised alumina phos¬ 
phoresce. Thus corundum glows with a pink colour. The sapphire 
appears to be made up of the red-glow and green-glow alumina. Some 
fine crystals of sapphire shine with alternate bands of red and green, 
arranged in layers perpendicular to the axis. Unfortunately it is im¬ 
possible to prepare a tube for exhibition containing this variety, of 
Lpphire, as it is constantly evolving gas from the numerous fissures 
and cavities which abound in this mineral. 

The red glow of alumina is chiefly characteristic of this earth in a 
free state. Few of its compounds, except spinel (aluminate of mag¬ 
nesium), either natural or artificial, show it in any marked degree. 
AH the artificially crystallised aluminas give a strong red glow ^d 
spectrum line. An artifioiaUy crystallised aluminium and bari^ 
fluoride phosphoresces with a blue colour, but shows the red alumina 
line in the spectrum. Spinel glows red, and gives the red line almost 
as sta^ng as tlae risby. 

Tito spodumene (an aluminium and lithium silicate) phos¬ 

phoresces very brilliantly with a rich golden-yellow colour, but shows 
no spectrum line, only a strong concentration of light in the orange 
* # This <ypemioa was kindly performed for me by Messrs. Johnson and Matthey. 
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and yellow. A phospliorescing crystal of spodamene lias all tlie 
internal light cut off with a Nicol prism, when the long axes of the 
Nicol and the crystal are parallel. 

It became of interest to see if the other earths would show phos¬ 
phorescent properties similar to those of alumina, and especially if any 
of them would give a discontinuous spectrum ; considerable interest 
attaching to a solid body whose molecules vibrate in a few directions 
only, giving rise to spectrum lines or bands on a dark background. 

Griucina prepared with great care is found to phosphoresce with a 
bright blue colour, but no lines can be detected in the spectrum, only 
a concentration of light in the blue. 

The rare mineral phenakite (silicate of glucinum), sometimes used 
as a gem, phosphoresces blue like pure glucina. This mineral shows 
a residual glow after the current is turned off. 

Thorina has very little, if any, phosphorescence. This earth is, 
however, remarkable for its very strong attraction for the residual gas 
in the vacuum tube. On putting thorina in a tube furnished with 
well-insulated poles, whose ends are about a millimetre apart in the 
centre, and heating strongly during exhaustion, the earth, on cooling, 
absorbs the residual gas with such avidity that the tube becomes non¬ 
conducting, the spark preferring to pass several inches in air rather 
than strike across the space of a millimetre separating the two poles. 
It is probable that this strong attraction for gas is connected with 
the great density of the earth thorina (sp. gr. = 9‘4). 

Zirconia gives a very brilliant phosphorescence, approaching in in¬ 
tensity that of sulphide of calcium. The colour is pale bluish-green, 
becoming whiter as the intensity of the discharge increases: no lines 
are seen in its spectrum. 

Lanthana precipitated as hydrate and ignited shows no phos¬ 
phorescence. After it has been heated for some time before the blow¬ 
pipe it phosphoresces of a rich brown. 

Didymia, from the ignition of the hydrate, has scarcely any phos¬ 
phorescence ; what little there is appears to give a continuous spec¬ 
trum with a broad black band in the yellow-green. On examining 
the light reflected from this earth when illuminated by day or 
artificial light, the same black band is seen, and with a narrow slit 
and sunlight the band is resolved into a series of fine lines, occupying 
the position of the broadest group of absorption lines in the trans¬ 
mission spectrum of didymium salts. 

Yttria shows a dull greenish light, giving a continuous spectrum. 

Erbia phosphoresces with a yellowish colour, and gives a continuous 
spectrum, with the two sharp black bands so characteristic of this 
-^arth cutting through the green at X 520 and 523. These lines are 
easily seen in the light reflected from erbia when illuminated by day¬ 
light. It is well known that solid erbia heated in a flame glows with 
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a green liglit, and gives a spectruni wliicli cliiefLy consists of two 
briglit green lines in tlie same place as tiie dark lines seen by reflected 
light. 

A cnrioTis phenomenon is presented by erbia when the spark passes 
over it at a high exhaustion.- The particles of earth which have acci¬ 
dentally covered the poles are shot ofl with great velocity, forming 
brightly luminous lines, and, striking on the sides of the tube, rebound, 
remaining red-hot for an appreciable time after they have lost their 
velocity. They form a very good visible illustration of radiant 
matter. 

Titanic acid phosphoresces dark brown, with gold spots in places. 

Stannic acid gives no phosphorescence. 

Chromic, ferric, and ceric oxides do not appreciably phosphoresce, ’ 

3^agnesia phosphoresces with a pink opalescent colour, and shows no 
spectrum lines. 

Baryta (anhydrous) scarcely phosphoresces at all. Hydrated 
baryta, on the contrary, shines with a bright orange-yellow light, but 
shows no discontinuity of spectrum; only a concentration in the 
yellow-orange. 

Strontia (hydrated) phosphoresces with a beautiful deep blue 
colour, and when examined in the spectroscope the emitted light 
shows a greatly increased intensity at the blue and violet end, with¬ 
out any lines or bands. 

Lime phosphoresces of a bright orange-yellow colour, changing to 
opal-blue in patches where the molecular discharge raises the tem¬ 
perature. In the focus of a concave pole the lime becomes red and 
white-hot, giving out much light. This earth commences to phos¬ 
phoresce more than 5 millims. below the vacuum, and continues to 
grow brighter as long as the electricity is able to pass through the 
tube. On stopping the discharge there is a decided residual glow. 
Ho lines are seen in the spectrum of the light. 

Calcium carbonate (calcite) shows a strong phosphorescence, which 
begins to appear at a comparatively low exhaustion (6 millims.). 
The interior of the crystal shines of a bright straw colour, and the 
ordinary and extraordinary rays are luminous with oppositely polarised 
light. Calcite shows the residual glow longer than any substance I 
have as yet experimented with. After the current has been turned 
ofl the crystals shine in the dark with a yellow light for more than a 
minute. 

Calcium phosphate generally gives an orange-yellow phospho¬ 
rescence and a continuous spectrum. Sometimes, however, a yellow- 
green band is seen superposed ou the spectrum. 

Potash phosphoresces faintly of a bine colour. The spectrum shows 
a concentration at the blue end, hut the light is too faint to enable 
lin^ if any, to be detected. 
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Soda pliosplioresces faintly yellow, and gives tlie yellow line in the 
spectrum. 

LitHnm carbonate gives a faint red pbospborescence. Examined in 
the spectroscope, the red, orange, and bine lithium lines are seen. 

I have already said that the diamond phosphoresces with great 
brilliancy. In this respect perfectly clear and colourless stones “ of 
the first water ” are not the most striking, and they generally glow of 
a blue colour. Diamonds, which in sunlight have a slight fluores¬ 
cence disappearing when yellow glass is interposed, generally phos¬ 
phoresce stronger than others, -and the efnitted light is of a pale 
yellowish-green colour. 

Most diamonds which emit a very strong yellowish light in the 
molecular discharge give a continuous spectrum, having bright lines 
across it in the green and blue. A faint green line is seen at about 
X 537; at X 513 a bright greenish-blue line is seen, and a bright blue 
line at X 503. A darkish space separating the last two lines. 

Diamonds which phosphoresce red generally show the yellow sodium 
line superposed on a continuous spectrum. 

There is -great difierenee in the degree of exhaustion -at which 
various substances begin to phosphoresce. Some refuse to glow until 
the exhaustion is so great that the vacuum is nearly non-conducting, 
whilst others commence to become luminous when the gauge -is 5 or 
10 miUims. below the barometric level. The majority of bodies, how¬ 
ever, do not phosphoresce till they are well within the negative dark 
space. 

During the analysis -of some minerals containing the rarer earths 
experimented on, certain anomalies have been met with, which seem 
to indicate the possible presence of other unknown elements awaiting 
detection. On several occasions an earthy precipitate has come down 
where, chemically speaking, no such body was expected; or, by frac¬ 
tional precipitation and solution, from a supposed simple earth some¬ 
thing has separated which, in its chemical characters, was not quite 
identical with the larger portion ; or, the .chemical characteristics of 
an earth have agreed fairly well with those assigned to it in books, 
but it deviated in some physical peculiarity. It has been my practice 
to submit all these anomalous bodies to molecular bombardment, and- 
I have had the satisfaction of discovering .a class of earthy bodies 
which, whilst they phosphoresce strongly, ako'give spectra of remark¬ 
able beauty. 

The spectrum seen most frequently is given by a pale yellowish 
coloured earth. It consists of a red, orange, citron, and green band, 
^nearly equidistant, the citron being broader than the others and very 
bright. Then comes a faint blue, and lastly two very strong blue- 
violet bands. These bands, when seen at theii best, are on a per¬ 
fectly black background; but the parent earth gives a continuous 



•212 


Phosphorescent Spectra in High Vacua. [May 19, 

spectrum, and it is only occasionally, and as it were by accident, that 
I 'iiave so entirely separated it from the anomalous earth as to see the 
bands in their full purity. Another earthy body gives a spectrum 
•similar to that just described, but wanting the red, and having a 
double orange and double citron band. A third gives a similar 
spectrum, but with a yellow line interposed between the double 
orange and the double citron, and having two narrow green lines. 

At present I do not wish to say more than that I have strong 
indications that one, or perhaps several new elements are here giving 
signs of their existence. *The quantities I have to work upon are 
very small, and when each step in the chemical operation has to be 
checked by an appeal to the vacuum tube and to the induction coil 
the progress is tediously slow. In the thaUium research it only 
occupied a few minutes to take a portion of a precipitate on a 
platinum loop, introduce it into a spirit-flame, and look in the spectro¬ 
scope for the green line. In that way the chemical behaviour of the 
new element with reagents could be ascertained with rapidity, and a 
scheme could be promptly devised for its separation from accompany¬ 
ing impurities. Here, however, the case is different: to perform a 
spectrum test, the body under examination must be put in a tube and 
exhausted to a very high point before the spectroscope can be brought 
to bear on it. Instead of two minutes, half a day is occupied in 
each operation, and the tentative gropings in the dark, unavoidable in 
such researches, must be extended over a long period of time. 

The chemist must also be on his guard against certain pitfalls 
which catch the unwary. I allude to the profound modification which 
the presence of fluorine, phosphorus, boron, &c., causes in the 
chemical reactions of many elements, and to the interfering action of 
a large quantity of one body on the chemical properties of another 
which may be present in small quantities. 

The fact of giving a discontinuous phosphorescent spectrum is in 
itself quite insufB.cient to establish the existence of a new body. At 
present it can only be employed as a useful test to supplement 
chemical research. When, however, I find that the same spectrum- 
forming earthy body can always .be obtained by submitting the 
mineral to a certain chemical treatment; when the chemical actions 
which have separated this anomalous earth are such that only a 
limited number of elements can possibly be present; when I find it 
impossible to produce a substance giving a similar discontinuous 
spectrum by mixing together any or all of the bodies which alone 
could survive the aforesaid chemical treatment; when all these facts 
are taken into consideration, and when due weight is given to the 
very characteristic spectrum reaction, I cannot help concluding that 
the most probable explanation is that these anomalies are caused by 
the presence of an unknown body whose chemical reactions are not 
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sufficiently marked to have enabled chemists to differentiate it from 
associated elements. 


III. “ Molecular Magnetism.” By Professor D. E. Hughes, 
F.R.S. Received May 10, 1881. 

During the course of some late researches, which I had the honour 
to communicate to the Royal Society, March 7th,* and experimentally 
illustrate on the reading of my second paper, March 31,f many 
experimental facts occurred, all pointing to the conclusion that 
ordinary molar magnetism is entirely due to the symmetrical arrange¬ 
ment of the polarised molecules, and that these molecules can be rotated 
by torsion, so as to decrease the longitudinal magnetism, or increase it, 
if the effect of the elastic torsion is to rotate the molecules into the 
required longitudinal symmetrical arrangement. And observing that 
molecular magnetism could induce an electric current upon its own molar 
constituents, or that an electric current by its passage through an iron 
wire would produce molecular magnetism, I have continued these 
researches in the hope of elucidating, as far as possible, the pheno¬ 
menon of the transformation of electricity and magnetism by the 
changes produced in the molecular structure of its conducting wire. 

For this purpose I have employed three separate methods of investi¬ 
gation, each I'equiring a slightly modified form of apparatus. The 
first relates to the influence of an elastic torsion upon a magnetic or 
conducting wire; the second, to the influence upon the molecular struc¬ 
ture of an iron wire of electricity or magnetism; the third, to the 
evident movement of the molecules themselves as given out in sonorous 
vibrations. 

The general details of the apparatus employed having been given 
in my paper of March 7th, I will only briefly indicate any modification 
of the method employed. 

1. Influence of an Elastic Torsion wpon a Magnetic or an Electric 
Conducting Wire, 

In my paper of March 7th on “ Molecular Electro-Magnetic Induc¬ 
tion,” I showed that induced currents of electricity would be induced 
in an iron wire placed on the axis of a coil through which intermittent 
currents were passing, and that these currents were produced only 
when the wire was under the influence of a torsion not passing its 
limit of elasticity. It became evident that if the intermittent mag¬ 
netism induced by the coil produced under torsion intermittent currents 

* ** Molecular Electro-Magnetic Induction,” Proc. Roy. Soc.,” voL SI, p. 625. 

t “ Permanent Molecular Torsion of Ck>nducting Wires produced by the Passage 
of an Electric Currenc,” vol, 32, p. 25. 
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of electricity, au mtermitteat torsion under the influence of a con- 
IS cu^en^ of electricity or a constot magnetic field would pro¬ 
duce similar delrly molecular 

*“^tw?atttsed^war similar to that described in my paper of 
M^h 7th. An iron wire of 20 centims. was placed m the centre or 
Sr^a coil of silt-eovered copper wire, the exterior diameter of the 
Lil bein<. 5i centims., and that of the interior vacant circular space 
cito ° The iron wire is fastened to a support at one end, the o her 
SSthrongh a guide, to keep it parallel to the axis but free, so that 
ryTequiredforsiol maybe given to the wire by means of a connecting 
Z or Ldex. A sensitive telephone is in direct commumcation mth 
or a galvanometer may be used, as the currents obtained by a 
Iw dastic Lion are slow and strong enough to be seen on a very 
LLry galvanometer. I prefer, however, the telephone, because i 
L the inLmable advantage in these expenme^sof giving the e.^t 
time of the commencement or end of an eleetrm current. It has, 
however, the disadvantage of not indicatmg the force or direction of 
the cnrrent; but by means of the sonometer the true value and direc¬ 
tion of any current is at once given. Again, the telephone is useless 
for eurrentsof slowintermittence; but, by joimng to it the microphomc 
rheostat described in my paper of March 7th, a slowly intermittent or 
"rmanent current is broken up into rapidly mtermittent currents and 
Sen we are able to perceive feeble constant currents. For 
microphonic rheostat is joined to the telephone and coil. The 
from a battery of two bichromate cells is sent constantly through the 
wire if we wish to observe the influence of the torsion of the wme upon 
the electric current, or a constant field of magnetic energy m given 
to the wire by either a separate coil or a permanent magnet, ine 
currents obtained in the coil are induced from the change in the male- 
cular magnetism of the wire, but we may equally obtain these currente 
in the wire itseM without any coH by joining the telephone and 
rheotome direct to the wire; in the latter case, it is preferable to 
join the wire to the primary of a small induction coil, and the tele- 
Lne and rheotome to the secondary, as then the rheotome does 
not interrupt the constant electric current passing through the wire. 
As the results are identical, I prefer to place the telephone on the coil 
first named, as the tones are louder and entirely free from errors of 
experimentation. 

If we place a copper wire in the axis of the coil we produce no 
efiect by torsion, either when under the influence of a constant mag¬ 
netic field or a current passing through it, nor do we perceive any 
effects if we place an iron wire (2 mUlims. in diameter), entirely free 
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from magnetism and througli wbicli an electric current lias never 
passed. I mention tbis negative experiment in order to prove tbat all 
tbe effects I shall mention are obtained only tbrongb tbe magnetism 
of tbe wire. If now I pass an electric current for an instant tbrongb 
tbis same wire, its molecnles are instantly polarised. I have never 
yet been able to restore tbe wire to its original condition, and tbe 
magnetisation induced by tbe passage of a current is far more powerful 
and more persistent in soft iron tban tempered steel. Tbis may be due, 
however, to tbe fact tbat in tempered or softened steel we find traces 
only of a current during to tbe rotation by torsion of its molecules, 
some two to three degrees of sonometer, whilst iron gives constantly 
a current of 70 sonometric degrees.* 

In order to obtain these currents, we must give a slight torsion of 5° 
or 10° to and fro through tbe zero point. We then have a current 
during tbe motion of tbe index to tbe right, and a contrary current in 
moving tbe index to tbe left. If we use a galvanometer, we must time 
these movements with tbe oscillations of tbe needle; but with tbe 
telephone it gives out continuous sounds for either movement, tbe 
interruptions being only those caused by tbe rbeotome. Tbe direction 
of tbe current has no influence on tbe result; either positive to tbe 
free arm or index or negative gives equal sounds, but at tbe moment 
of reversal of tbe current a peculiar loud click is beard, due to tbe 
rapid change or rotation of tbe polarisation of its molecules, and tbis 
peculiarly loud momentary click is beard equally as well in steel as in 
iron, proving that it is equally polarised by tbe current, but that its 
molecular rigidity prevents rotation by torsion. We can imitate in 
some degree tbe rigidity of steel by giving tbe iron wire several per¬ 
manent twists. Tbe current due to elastic torsion is then reduced 
from 70° to 40°, in consequence of the mechanical strain of tbe twists 
remaining a constant; and a weakening of tbe current is also remarked 
if with a fresh wire we pass in torsion its limit of elasticity. 

If a new soft iron wire of 2 millims. (giving no traces of a current 
by torsion) has passed through it a momentary current of electricity, 
and tbe wire is then observed free from tbe current itself, it will be 
found to be almost as strongly polarised as when tbe current was con¬ 
stantly on, giving by torsion a constant of 50 sonometric degrees. If, 
instead of passing a current through tbis new wire, I magnetise it 
strongly by a permanent magnet or coil, tbe longitudinal magnetism 
gives also 70° of current for tbe first torsion, but weakens rapidly, so 
that in a few contrary torsions only traces of a cuirent remain, and we 
find also its longitudinal magnetism almost entirely dissipated. Thus 
there is tbis remarkable difference, that, whilst it is almost impossible to 
free tbe wire from the influence produced by a current, tbe longitudinal 
magnetism yields at once to a few torsions. We may, however, trans- 
* 0*8 of a Banieli batterj. 
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fn™ the rhJE or traBSversal magaetism into lon^tndinal “^etism 
form tne nng current has passed through 

bysteonglymagaeismg e molecules, and 

:nagnetism; then by a 

they are all now sy^ ^ ^3^ ^.e. 1 haye 

'ZnXrMZ"emo.cious than heating the .ire red hot, or 

^.od y. 

a la^I’^^m^enTmag^et, whose sustaining power is 5 kxlogM,mm^^ 
Ld thirkeeps the wire constantly charged, resembling in some 

^ved by riving torsion to a steel wire strongly magnetised, when 
SytracX a current will be seen, perhaps one or two degrees, and 
by n«lng a constant source of magnetism or electricity, when no mea- 

Srableeffectwillbe obtained. Evidently we have as much twisted the 

™etised steel as the soft iron. In the steel we have a powe^ 
maSet, in the soft iron a very feeble one; still the molecular rotation 
in iron produces powerful currents to the almost absolute zero of. 

**^we magnetise the wire whilst the current is passing, and keep 
the wire constantly charged with both magnetism and electricity, the 
r.™S.r.».<.Ldi4&l»dfrom70-to50". W. ^ ber. two 
distinct magnetic polarisations at right angles to each other, and no 
matter what pole of the magnet, or of the current, the effect is_ greatly 
diminished; the rotation of the two polarities would now require a fer 
.neater arc than previously. The importance of this experiment can¬ 
not as yet be appreciated untd we learn the great molecular change 
which has really occurred, and which we observe here by simply 


diicdBislied effects. 

If we heat the wire with a spirit flame, we find the sounds increase 
rapidly from 70 to 90, being the maximum slightly below red heat. I 
have already remarked in my previous paper this increased molecute 
activity due to heat, and its effects wiU be niore clearly demonstrated 
when we deal with the sounds produced by intermittent currents. 

Arin tbAr method, by means of wHch I have again received proofs of 
the rotation of the polarised molecules, is to pass an intermittent 
current through a soft O'S milUm. iron wire, listening to the resnlte 
by the telephone joined direct and alone to the coil, as described in 


• I putpoBely avoid using the terms “ magnetic fluid ” and “ coeroitive force.” 
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my paper of Marcii 7. If tlie wire is tlien entirely free from strain, 
we liave silence, but a torsiou of 20® produces so-me 50 souometric 
degrees of electric force. If, now (the wire being at zero strain), I 
bi*ing one pole of the permanent magnet I have already described 
near the side of the wire, the sounds’ increase from zero up to 50®, 
being at their maximum when this magnet is 5 centims. distant; but 
if we continue to approach the magnet the sounds gradually weaken 
almost to zero. The explanation of this fact can be found when 
we know that the greatest inductive effect on the wire would be when 
a magnet is at an angle of 45® with the wire. And, also, considering 
each molecule as a separate independent magnet, we find that at a 
given distance for a given magnet the force of rotation is equal 
to that of 45®; by approaching the magnet we increase the rota¬ 
tion but diminish the angular polarity in relation to the wire, hence* 
the decrease of force by the near approach of the magnet. And to 
prove that the function of the elastic torsion is simply to rotate the 
polarised molecules similarly to the magnet, we place the wire 
under an elastic torsion of 20®, and approach gradually the magnet 
as before. One pole now will be found to increase the sounds or its 
angular polarity, the other will diminish them, until at 5 centims. dis¬ 
tance, as before, we have perfect silence ; the torsion exists as before, 
but the molecules are no longer at the same angle. On removing 
the magnet we find that instead of the usual 50 of current we obtain 
barely 5 or 10: have we then destroyed the polarity of the molecules, 
or do they find a certain resistance to their free rotation to their usual 
place ? To solve this question we have only to shake the wire, or give 
it a slight mechanical vibration, and then instantly the molecules rotate 
more freely, and we at once find our original current of 50°. I will 
forbear mentioning many other experimental proofs of my views by 
this method, as there are many to relate by different methods in the 
following sections. 

2. Influence ujpon the Molecular Structure, of an Iron or Steel Wire of 
Electricity or Magnetism. 

Being desirous to modify the apparatus already described, so that it 
should only give indications of a current if it were of a spiral 
nature, the wire was kept rigidly at its zero of strain or torsion, and 
the coil was made so that it could revolve on an axis perpendicular to* 
the wire; by this means, if the wire was free from strain, the centre 
or axis of the coil would coincide with that of the wire. Thus, 
with a straight copper wire, we should have a complete zero, but if 
this wire formed a right or left-handed helix, the coil would require 
moving through a given degree (on an arbitrary scale) corresponding 
to the diameter and closeness of the spirals in the helix; the degrees 
through which the coil moved, were calibrated in reference to known 

q2 
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copper helices. ,50° equalled a copper we 1 mniim. diameter, formed 
into a helix of 1 centim. diameter, whose spiral turns were separated 

1 centim. apart. , t -xi. n 

In order to obtain a perfect zero, and wide readings, with small 

an-rular movement of the coil, it is necessary that the return wire 
should be of copper, 2 millims. diameter, offering comparatively little 
resistance, and thafit should be perfectly parallel wUh the steel or mon 
wire. In order that it may react npon the exterior of the coil, it is 
fastened to the board, so that it is near (1 centim.) the exterior of the 
coil, and parallel to the iron wire, at a distance of 4 centims. H we 
consider this return wire alone, we find, as in the sonometer, that if 
the wire is perpendicular to the exterior wires of the coil, we have a 
zero or silence, but moved through,any degree, we have a current 
■proportionable to that degree; by this means, we have an independent 
constant acting on the coil, constantly aiding the coil in finding its 
true zero, and allowing-of very wide readings, with a comparatively 
small angular movement of the coil. 

The rheotome is joined to a battery of two bichromate cells, and by 
means of a reversing switch, an intermittent current of either direc¬ 
tion can be sent through the wire. The telephone is joined direct and 
alone to the coil; thus no currents react upon the coil when perpen¬ 
dicular to the iron, and its return wire, if not of a spiral nature. 

Placing an iron wire 0*5 diameter, and passing a current through it, 
I found a change had taken place similar to those indicated in my 
paper of March 17th; but it was so difficult to keep the wire free 
from magnetism and slight molecular strains, that I preferred and 
used only in the following experiments tempered steel wire (knitting 
needles I found most useful). All the effects are greatly augmented 
by the use of iron wire, but its molecular elasticity is so great that 
we cannot preserve the same zero of reading for a few seconds together, 
wffiilst with steel, 0*5 millim. diameter, the effects remained constant 
until we removed the cause, 

I have not as yet been able to obtain a steel wire entirely free from 
magnetism, and as magnetism in steel has a remarkable power over 
the direction of the spiral currents, I will first consider those in which 
I found only traces. On passing the intermittent current through 
these, the sounds were excessively feeble for either polarity of current, 
but, at each reversal, a single loud click could be heard, showing the 
instant reversal of the molecular polarity. The degree of coil indi¬ 
cating the twist or spirality of the current was 5° on each side of its 
true zero. The wire was now carefully magnetised, giving 10° on each 
side for different currents. The positive entering at north pole indica¬ 
ting 10° right-handed spiral, the negative entering the same pole, a left- 
handed spiral, we here see in another form, a fact well known and de¬ 
monstrated by Be la Rive by a different method, that an electric current 
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travels in spirals around a longitudinal inagnetj and tliat tlie direction 
of this spiral is entirely due to which pole of an electric current enters 
the north or south pole. I propose soon, however, to show that under 
certain conditions these effects are entirely reversed. 

If through this magnetised wire I pass a constant current of two 
bichromate cells, and at the same time an intermittent one, the spiral 
is increased to 15but the direction of the intermittent current 
entirely depends on that of the constant current. Thus, if the positive 
of the constant current enters the north pole, the intermittent positive 
slightly increases the spiral to 17°, and the negative to 18°, both 
being right-handed; the two zeros of the constant battery are, how¬ 
ever, as we might expect from the preceding experiment, on opposite 
sides of and at equal distances from the true zero; but if we 
magnetise the wire whilst a constant current is passing through it, a 
very great molecular disturbance takes place; loud sounds are heard 
in the telephone, and it requires for each current a movement of the 
coil of 40°, or a total for the two currents of 80°. This, however, is 
not the only change that has taken place, as we now find that both 
constant currents have a right-handed spiral; the positive under 
which it was magnetised, a right-handed spiral of 95°; the negative, 
a right-handed spiral of 15°, and the true central or zero point of the 
true currents indicates a permanent spiral ot 55°. 

This wire was magnetised in the usual way, by drawing the 
north pole of my magnet from the centre to one extremity, the south 
from the centre to the other, and this was repeated until its maxi¬ 
mum effects were obtained. In this state I found, sliding the coil 
at different portions, that the spiral currents were equal, and in the 
same direction throughout. 

It now occurred to me to try the effect of using a single pole of 
the magnet; this was done whilst a constant current was passing 
through the wire, commencing at the extremity where the positive 
joined, drawing the north pole through the length of the wire, from 
positive towards the negative; the effect was most remarkahle^ as the 
steel wire now gave out as loud tones as a piece of iron, and the- 
degree on the coil showed 200°. The constant and intermittent 
currents now showed for either polarity a remarkably strong right- 
handed twist; the positive 200 right, and the negative 150 right- 
handed spirals. The molecular strain on the wire from the reaction of 
the electric current upon the molecular magnetism was so great, that 
no perfect zero would be obtained at any point, a fact already observed 
when a wire was under an intense strain, producing tertiary currents 
that superposed themselves upon the secondary. In order to compare 
these spiral currents with those obtained from a known helix, I found 
that taking a copper wire of similar diameter (0‘5 millim.), and 
winding it closely upon the steel wire ten turns to each centimetre, 
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+n+oi nf 900 tnms with an exterior diameter of 1 5 millims., 
having a total of 200 tarns, wit 

wHtadrawinff the steel wire, leaving this cioseiy wuu. , 

r.™ JT™ 190', i™t»a of fh. 200 of tk. ™o .lono; to .h. 

ipM My o clo^ly »<*»1 “Pf« ™ ““ 

W then on passing a positive or negative current there would 
t cTont ano-mented or diminished spirality of the current, hut 

tatod to o rigkt.koad.d t™l. Tte bo id^tic.l 

^th ttc pk„om..,o»d»orib«i, .Itogh the ^ 

The explanation of this phenomenon can he prohahly found m the 
fact that the constant spirality now observed is that of the electric 
cu^nJnnder which it was magnetised, for whilst magnetising it we 
had a powerful source of magnetism constantly reacting upon the 
Stric current, and the constant spirality now observed is the result 
or remains of a violent molecular reaction at the instant of magnetisa¬ 
tion, and the remaining evident path or spiral is that of the electric 
current. On testing this wire as to its longitudinal magnetic force, 
found that it was less than that of a wire simply magnetised in the usual 
wav* thus the effects are internal, affecting the passage of the electric 
cuint, giving, however, no external in^oations (except apparent 
weakness) of the enormous disturbance which has taken place. 

If instead of drawing the north pole of the magnet as above, from 
positive towards negative, I draw it from negative to positive all the 
Sects are repeated, except that we have now, as we should expect, a left- 
handed spiral. But if I draw the magnet from the extremities of the 
vnre to the centre, then at this centre I find an absolute zero of twist 
but on each side a contrary twist, the wire then haying a left and 
right-handed twist, the. positive travelling towards the centre in a 
right-handed twist gradually ceasing in zero; this is as we roig 
expect but if done under the influence of a constant current, no ratter 
what pole of the battery enters afterwards the north pole of the 
ina<met,ii will have during its first half a right-handed, and its second 
a leVhanded spiral. It became important to know if a wire which 
had been magnetised under the influence of a current could be re¬ 
stored to something like its original condition. Eleotnc currents had 
no effect. Heat, which would not destroy its temper, had no effect. 
Mechanical vibrations and torsions failed to disturb the molecular 
arrangement; but magnetising it strongly by a magnet, when 
no current was passing, at once brought the wire to its usual 
apparently rigid state, and the constant .or intermittent currents now 
indicated only 18“ of spiral currents against a previous 200°, and the 
sounds were, as usual from steel, excessively weak. I have smce 
used this method with invariable success, when I wished to repeat 
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the experiments upon the same wire. If these experiments are 
repeated upon an iron wire, the effects are far greater in the first 
instance, so great that they were thrown out of the range of my 
measurements ; it was only after a few seconds of successive reversals 
that the zero of the wire was brought within range, and although these 
rapidly decreased, exactly similar effects were observed as in the steel. 
And as with all moderate ranges, I could bring the iron at once to a 
complete zero by torsion, and as torsion alone would produce this com¬ 
plete zero, I believe we have here effects from causes identical with 
those related in the first chapter. 

Having noticed in my previous papers the increased molecular 
activity caused by the approach of a powerful permanent magnet, 
and believing that the permanent spirality above mentioned was due 
to this alone, and not to an increased polarity, I magnetised strongly 
an iron wire giving as usual a reversed spiral for different currents of 
but 10°. I now heated the wire by a spirit flame to a dull red heat, 
whilst the current was passing through it, and on cooling I found 
a similar but stronger permanent torsion of 2*50° ; both currents, 
as in the previous experiments, having a right-handed spiral. 
Thus a current of electricity passing through a wire nearly red hot 
determines a molecular arrangement, or path, which on cooling forces 
currents of either direction to follow the path which had been deter¬ 
mined under the influence of heat. 

3. Molecular Sounds. 

The passage of an intermittent current though iron or other wire 
gives rise to sounds of a very peculiar and characteristic nature. Page, 
in 1837, first noticed these sounds on the magnetisation of wires in a 
coil. Be la Rive published a chapter in his “ Treatise on Electricity ** 
(1853) on this subject, and he proved that not only were sounds 
produced by the magnetisation of an iron wire in an inducing coil, 
but that sounds were equally obtained by the passage direct of the 
current through the wii'e. Gassiot, 1844, and Du Moncel, 1878-81, 
have both maintained the molecular character of these sounds. Reis 
made use of them in his, the first electric telephone invented, and 
these sounds, since the apparition of Bell’s telephone, have been often 
brought forward as embodying a new form of telephone. These 
sounds, however, for a feeble source of electricity, are far too weak for 
any applied purposes, but they are most useful and mteresting where 
we wish to observe the molecular action which takes place in a 
conducting wire. I have thus made use of these sounds as an inde¬ 
pendent method of research, and by their means verify any point 
left doubtful by other methods, some of which I have already de¬ 
scribed. 

The apparatus was the same as that described in the last section, 
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except tliat no telephone was used. By means of a switch key the in¬ 
termittent electric current was either connected with the coil inducing 
longitndinal magnetisip. in tlie wire, or could be thrown instantly 
through the wire itself, thus rapid obseryations could be made of any 
difference of tone or force by these two methods ; a reversing key also 
allowed, when desired, a constant current of either polarity to pass 
through the wire under observation. 

Of all metals that I have yet tried, iron gave by far the loudest 
tones, though by means of the microphone I have been able to hear 
them in all metals; but iron requires no microphone to make its sounds 
audible, for I demonstrated at the reading of my paper, March 31st, 
that these sounds with two bichromate cells were clearly audible at a 
distance. A fine soft iron wire (Ho. 28) is best for loud sounds to be 
obtained by the direct passage of the current, but large wires (1 millim.) 
are required for equally loud tones from the inducing coil. By choosing 
any suitable wire between these sizes we can obtain equal sounds from 
the longitudinal magnetism or direct current. The wire requires to 
be well annealed, in fact, as in all preceding experiments, the sounds 
are fully doubled by heating the wire to nearly red heat. There are 
many interesting questions that these molecular sounds can aid in 
resolving, but as I wish to confine the experiments to the subject of 
the two preceding chapters, I will relate only a few which I believe 
bear on the subject. 

On sending an intermittent electric current through a fine soft iron 
wire we hear a peculiar musical ring, the cadence of which is due to 
that of the rheotome, but whose musical note or pitch is independent 
both of the diameter of the wire and the note which would be given 
by a mechanical vibration of the wire itself. I have not yet found 
what relation the note bears to the diameter of the wire; in fact, I 
believe it has none, as the greatest variation in different sizes and 
different conditions has never exceeded one octave, all these -tones 
being in our ordinary treble clef, or near 8?0 single vibrations per 
second, whilst the mechanical vibrations due to its length, diameter, 
and strain vary many octaves. 

I believe the pitch of the toije depends entirely upon molecnlar 
strain, and I found a remarkable difference between the molecular 
strain caused by longitudinal magnetism and the transversal or ring 
magnetism produced by the passage of a current. For, if we pass the 
current through, the coil, inducing magnetism in the wire, and then 
gradually increase the longitudinal mechanical strain by tightening 
the wire, the pitch of the note is raised some three or four tones (the 
note of the mechanical transversal vibrations being raised perhaps 
Several octaves) ; hnt if we tighten the wire during the passage of an 
dectrie current through it, its pitch falls some two or three notes, and 
its highest notes are those obtained when the wire is quite loose. A 
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similar but reverse action takes place as regards torsion; for if tbe 
wire is magnetised by tbe coil we obtain an almost complete zero of 
sound by simply moving tbe torsion index 45° on either side, and as 
this was tbe degree wbicb gave silence in tbe previous experiments 
for tbe same wire, it was no doubt due to tbe same rotation of its 
polarised molecules. If we now pass a constant current tbrougb tbe 
wire whilst tbe intermittent one is upon tbe coil, we bear augmented 
sounds, not in pitch but loudness; and if we give torsion of 45° to one 
side we have silence, or nearly so, whilst, to the other side, it gives 
increased tones which become silence by reversing tbe battery. If, 
whilst tbe wire by torsion has been brought to zero, we decrease or 
increase tbe mechanical longitudinal strain, then at once the polarised 
molecules are rotated, giving loud sounds; and we further remark 
that when the wire is loosened, and we again tighten it, we gradually 
approach a zero, and on increasing the strain the sounds return; thus 
we can rotate the molecules by a compound strain of torsion and 
longitudinal strain. 

If we wish to notice the influence of a constant current passing 
through tbe wire under the influence of the intermittent current in 
tbe coil, we find, if the wire is free from torsion, that, on passing 
the current, the tones are diminished or increased according to the 
direction of tbe current. The tones then have an entirely distinctive 
character, for whilst preserving the same musical pitch as before, 
the tones are peculiar, metallic, and clear, similar to those given out 
when a glass is struck, whilst the tones due to longitudinal magnetism 
are dull and wanting in metallic timbre. If we now turn tbe index of 
torsion upon one side, we have a zero of sound with or without tbe 
current; but turning in tbe opposite direction gives increased tones 
whilst current is passing through the wire, but zero when not. Here 
again a peculiarity of timbre can be noticed, as although we bave loud 
tones due only to the action of the current through the wire, the timbre 
is no longer metallic, but similar to tbat previously given out by the 
influence of the coil; evidently then the metallic ring could only be 
due to tbe angular polarisation of the molecules, and when these were 
rotated by torsion the tones were equally changed by its action upon 
the wire. 

I have already shown that a permanent magnet brought near the 
wire can rotate its polarisation, and it equally can produce sound or 
silence (while the wire is at its zero of torsion, and a constant current 
is sent throngh the wire as in the last experiment) : we find that 
either pole of the natural magnet has equal effect in slightly diminish¬ 
ing the sound by an equal but opposite rotation from the line of its 
maximum effects ;* but if the wire is brought nearly to zero by torsion, 
then on approaching one pole of the natural magnet we produce a 
complete silence, but the opposite pole at once rotates the molecules 
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in sTich a manner as to produce the maximum loudness, and on taking 
away the magnet we have comparatve silence as before. 

Heating the wire to nearly red heat by a spirit lamp increases the 
tones of longitudinal magnetism induced by the coil some 25 per cent., 
but it effects a much more marked increase in the tones produced by the 
direct passage of the current, which are increased by more than 100 
per cent.; and if we pass the intermittent current through the coil 
and constant through the wire, we find no direct rotation of the 
molecules by heat* Although an apparent rotation takes place if, by 
the required torsion, we first place the wire at its zero, for then on the 
application of heat faint sounds are heard, which become again 
almost silent on cooling, this is simply due to the dinainution by heat 
of the effect of the elastic torsion. 

Tempered steel gave exceedingly faint tones, requiring the use of 
the microphone; but on magnetising with a constant current, inducing 
spiral magnetism, the sounds became audible, some 15° sonometer 
against 175° for iron; thus the molecular rigidity of steel as observed 
by previous methods was fully verified. 

I have mentioned only a few of the numerous experiments I have 
made by the three methods described, all of which, however, bear 
directly upon the molecular arrangement of electric conducting bodies. 
1 have selected a few bearing directly upon the subject I have chosen 
for this paper. 

I have, I believe, demonstrated by actual experiments which are 
easy to repeat, that— 

1. An electric current polarises its conductor, and that its molecular 
magnetism can be reconverted into an electric current by simple torsion 
of its wire. 

2. That it is by the rotation of its molecular polarity alone that an 
electric current is generated by torsion. 

3. That the path of an electric cuiTent through an iron or steel wire 
is that of a spiral. 

4. That the direction of this spiral depends on the polarity of the 
current, or that of its magnetism. 

5. That a natural magnet can be produced, having its molecular 
arrangement of a spiral form, and consequently reversed electric 
currents would both have a similar spiral in passing through it. 

6. That we can rotate the polarised molecules by torsion or a com¬ 
pound strain of longitudinal and transversal. 

7. That the rotation or movements of the molecules give out clear 
audible sounds. 

8. That these sounds can be increased or decreased to zero by means 
that alone have produced rotation. 

9. That by three independent methods the same effects are produced, 
and that they are not due to a simple change or weakening of polarity, 
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as wlien rotation has been incomplete a mere mechanical vibration has 
at once restored the maximum effect. 

10. That heat, magnetism, constant electric currents, mechanical 
strains and vibrations, have all some effect on the result. 


III. “ On the Identity of Spectral Lines of Different Elements.’’ 
By G. D. Liveing, M.A., F.R.S., Professor of Chemistry, 
and J. Dewar, M.A., F.II.S., Jacksonian Professor, University 
of Cambridge. Received May 12, 1881. 

The question of the identity of spectral lines exhibited by different 
elements is one of great interest, because it is very improbable that 
any single molecule should be capable of taking up all the immense 
variety of vibrations indicated by the complex spectrum of iron or that 
of titanium, and it might therefore be expected that such substances 
consist of heterogeneous molecules, and that some molecules of the 
same kind as occur in these metals should occur in more than one of 
the supposed elements. Further, the supposed identity of certain 
lines in the spectra of more than one element has been made by Mr. 
Lockyer the ground of an argument in support of a theory as to the 
dissociation of chemical elements into stdl simpler constituents, and 
in reference to this he wrote Proc. Roy. Soc.” vol. 30, p. 31), “ the 
‘basic’ lines recorded by Thalen will require special study with a 
view to determine whether their existence in differeut spectra can be 
explained or not on the supposition that they represent the vibrations 
of forms, which, at an early stage of the planet’s history, entered into 
combination with other forms, differing in proximate origin, to produce 
different ‘ elements.’ ” 

Young, on examining with a spectroscope of high dispersion the 
70 lines given in Angstrom’s map as common to two or more sub¬ 
stances, has found that 56 are double or treble, 7 more doubtful, and 
only 7 appear definitely single (“ American Journal of Science,” vol. xx, 
119, p. 353), and he remarks, “ The complete investigation of the 
matter requires that the bright line spectra of the metals in question 
should be confronted with each other and with the solar spectrum 
under enormous dispersive power, in order that we may determine 
which of the components of each double line belongs to one and which 
to the other element.” It is this confronting of the bright line spectra 
of some of the terrestrial elements which we have attempted, and of 
which we now give an account. For the dispersion we have used a 
reflecting grating similar to that used by Young, with 17,296 lines to 
the inch, and a ruled surface of about 3^ square inches; telescope and 
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collimator, eacli with an aperture of inch and focal length 18 
inches, the lenses being of qnartz, cnt perpendicularly to the axis and 
nnachromatised, giving a very good definition with monochronxatic 
light. The- chromatic aberration is in this case an advantage, for 
when the telescope is in focus for lines in the spectrum of any given 
order, the overlapping parts of spectra of different orders are out of 
focus, and their brightness consequently more or less enfeebled. We 
have sometimes used green or blue glasses to enhance this result. 
The telescope and the collimator were generally fixed at about 45°, the 
collimator being more nearly normal to the grating than the telescope, 
and the grating moved to bring in successive parts of the spectra. 
Por the parts of the spectra less refrangible than the Praunhofer line 
E the spectrum of the third order was employed, for the more refrangi¬ 
ble rays that of the fourth order. The source of light was the electric 
arc taken in a crucible of magnesia or lime; and for the examination of 
any supposed coincidence first one metal was introduced into the 
crucible and the line to be observed placed on the pointer of the eye¬ 
piece, the second metal was next introduced, and then in most cases, 
as detailed below, two lines were seen where only one was visible 
before, and the pointer indicated which of the two belonged to the 
metal first introduced. In some cases where both metals were already 
in the crucible, we had to reinforce the spectrum of one of the metals 
by the introduction of more of that metal, which generally brought 
out the spectrum of that metal more markedly than the other, and 
enabled us to distinguish the lines with a high degree of probability. 
Thus the crucibles of magnesia, or the carbons, always contain 
sufficient lithium to show the orange line and the calcium line hereto¬ 
fore supposed coincident with it (wave-length 6101*9), but we observed 
these lines quite distinct and separated by a distance, estimated by the 
eye in comparison with the distance of neighbouring titanium lines, at 
abont one division of Angstrom’s scale. On dropping a minute piece of 
lithium carbonate into the crucible the less refrangible line was seen to 
expand, and for a short time to be reversed, the other line remaining 
narrow and quite unaltered. When the lithium had evaporated, and 
both lines were again narrow, a small piece of Iceland spar was dropped 
into the crucible, which immediately caused the expansion, and on one 
occasion the reversal, of the more refrangible line, while now the less 
refrangible line was unaffected. 

In this way we satisfied ourselves that the calcium line is the more 
refrangible of the two, and is probably represented by the line at wave¬ 
length 6101*9 in Angstrom’s normal solar spectrum, while the lithium 
line appears to be unrepresented. 

In the case of iron, which gives such a multitude of lines, it was 
a pf%€ri probable that some lines would be coincident, or nearly so, 
with lines of other elements; and in fact we find that in five-sixths of 
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the supposed coincidences lines of iron are involved. We have, there¬ 
fore, chiefiy directed onr attention to iron lines. 

Taking iron and titaninm, we find that we can resolve the lines at 
the wave-lengths following:— 

6t)64*7* is a wide double, the iron line less refrangible than the 
titaninm by something like a division on Angstrom^s scale. Young 
did not resolve this line, probably because he was looking for a much 
closer double line. 

5714*09. A very close double, the iron the less refrangible, but not 
in Thalen’s list. 

5851*65. A double titanium line, but there appears to be a single 
iron line between the titanium lines. 

5489*05. A titanium line, but we could not see any iron line in the 
arc at this place, and no such iron line is in Thal^n’s list. 

5486*94. The iron line is more refrangible than the titanium. 

5446*07. Rather a close double, the iron line the less refrangible. 

5428*96. A wider double, the iron line the less refrangible. 

5403*28. The iron line in this is the more refrangible. 

5396*19. The iron line is the less refrangible. 

5006*72. We have not resolved this line; but it is not given as an 
iron line in Thalen’s list. 

4990*48. We have not resolved this line; but it is a very strong 
titanium line, and the titanium may have overpowered the iron line if 
they are not coincident. 

4690*69. The iron line is given by Thalen as slightly less refrangi¬ 
ble than the titanium line, but we did not resolve this line (see 
Appendix to this paper). 

4426*9. Kot given as an iron line in Thalen’s list. 

4307*25, The iron line is given by Thalen as slightly more refran¬ 
gible that the titanium line. We have not resolved this line, the* 
titanium line being weak. 

4293*96. The iron is given by Thalen as slightly less refrangible 
than the titanium, but we did not resolve this line, .or make out that 
there is any titanium line at this place. 

4287*47. This is not given as an iron line in ThaMn’s list. 

4171*77. We have repeatedly looked for this titaninm line but have 
not seen it in the arc. 

In the case of calcium it was more difficult to resolve close doubles, 
because the introduction of a very small quantity of a calcium 'com¬ 
pound into the arc for the purpose of identification caused such an 
expansion of the calcium lines as to overpower in many cases their 
weaker neighbours. 

* The mimbera by which the lines are here designated are the wave-lengths of the 
corresponding Fraunhofer lines taken from the catalogue of oscillation frequencies in 
the Beport of the British Association, 1878, p, 37. 
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6461*98. ITot down as an iron line in Thalen’s list. If it be an iron 
line, we are unable to distinguish it from the calcium line (see 
Appendis). 

5601*84. The iron line in this double is less refrangible than the 
calcium line. 

5597*31. A rather close double in which the iron line is the more 
refrangible. 

5348*75. Clearly double, the iron line less refrangible than the 
calcium line. 

5269*59. A very close double, the iron line less refrangible than 
the calcium. 

5041*32. A close double, but distinctly separable, the iron line 
the less refrangible. Karchhoff gives the iron and calcium lines as 
separate, but the calcium line less refrangible than the iron. 

4877*57. We could not resolve this line; though Young has resolved 
the corresponding solar line. 

4585*361 There are no iron lines at these places in Thalen’s list, nor 

4578*37 / could we detect any in the arc though the positive 

4580*93-) pole was of iron. 

4407*8 seems to be an iron line, though not in Thalen’s list, but the 
calcium line, if there be one at this place in the arc, is so faint that we 
could not certainly make it out. 

4379*16 also seems to be an iron line not in Thal6n’s list, but we 
could find no calcium line in the arc corresponding to it. 

4375*46 is not given as a calcium line in Thalen’s list, and we could 
see no calcium line at this place. 

4307*25 seems to be a very close double, not distinctly divisible, as 
both lines are somewhat diffuse, but the iron a little less refrangible 
if it expands symmetrically, and so given by Kirchhoff and by Thalen. 

4301*95- The iron line here is faint, and it is more refrangible than 
the calcium line. 

4298*56. Close but distinctly divisible double, the iron less 
refrangible than the calcium line. 

4271*83 had the appearance of a very close double, as when calcium 
chloride was introduced into the crucible, the line expanded more on 
its less refiungible side, as if the iron line were rather more refrangi¬ 
ble than the calcium line; but we could not definitely separate the two. 
The two lines are not given as exactly coincident by Thalen. 

The lines 4249*81, 4246*89, 4288, 4143*14, 4131*52 are doubtful 
calcium lines; at least, we could not detect any such lines when 
calcium chloride was introduced into the arc, though the other calcium 
lines in the neighbourhood were well developed. 

4097*55 does not seem to be an iron line, and we could detect no 
such line in the arc when the positive pole was of iron. 

Of supposed common lines of nickel and iron:— 
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53 68*48 is a close double, but tbe iron is less refrangible than the 
nickel line. 

5145’87 we could not resolve, bnt it is not down as an iron line 
in Thalen’s list. 

5142*1 is double, and tbe iron line the less refrangible, but it 
was difficult to separate the two lines by reason of their diffuse 
character. 

5136*9 is a very close double, the iron line more refrangible and 
weaker than the nickel line. 

4854*85 we have not been able to find any iron line here in the arc. 

Of supposed coincident lines of manganese and iron:— 

5340*38 is a close double of manganese and iron, but still definitely 
divisible, the iron line being the more refrangible of the two. 

5254*21 is rather a wide double, with the iron line the more re¬ 
frangible. 

4489*49, also plainly double, has the iron line more refrangible than 
the manganese line. 

4414*77 is a close double, but distinctly separable, the iron line the 
less refrangible. 

4054*48. There is a faint iron line here slightly more refrangible 
than the manganese line. 

The magnesium and iron lines in are separable, the iron line being 
less refrangible. 

Of chromium lines supposed coincident with iron lines :— 

5207*78 is plainly double, the iron line being the less refrangible. 

5203*88 not clearly resolved, but the iron line seems the less 
refrangible. 

4654*07. We failed to detect any chromium line at this place, though 
the chromium line at 4646*6 was bright and strong, as well as a line 
at 4650*5. 

4646*6 we could not resolve, but Thalen gives no line of iron in his 
list at this place, 

4369*27 does not appear to be an iron line; we could detect no 
such line in the arc, and it is not given in Thalen’s list. There is an 
iron Hne about one division of Angstrom’s scale less refrangible. 

Of supposed coincident lines of iron and cobalt:— 

5265*94 is decidedly double, and the more re&angible of the two 
lines due to cobalt. 

535*2*57 we did not resolve with certainty, but cobalt expanded the 
line more on'the less refrangible side. 

5681*52. The iron line here is decidedly more refrangible than that 
of sodium. 

We have examined further the supposed coincident liues of cobalt 
and calcium, and of chromium and calcium, and find that 6121*34 is 
plainly resolvable, and the cobalt line is the less reffangible of the two. 
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4289-44 and 4274-63 are both close doubles, with the cbromium lines 
the less refrangible. The latter line is difficult to resolve. 

5856-6 is plainly resolvable, the calcium line more refrangible than 
fclie nickel line. 

5480-29. This is a double line of titanium, and tbe strontium line 
is more refrangible than either titanium line. They form a not very 
close triplet. 

5424*8. The barium line lies between the titanium line and the iron 
line nest it (54237), and the iron line is a very little more refrangible 
than the barium line. 

The indium line 4101*2 we found very difficult to separate from the 
hydrogen line (h), as the latter had to be taken from the spark in a 
tube, and is both faint and diffuse, but several observations all led 
to the conclusion that the indium line is very slightly less refrangible 
than that of hydrogen. 

We have also directly compared the iron line at 5316*07 with the. 
solar spectrum, and found that the iron line corresponds with the less 
refrangible of the two splar lines at this place, so that the coronal 
line is in all probability the other line of the pair. 

There are still a few cases of supposed coincidences'which we have 
not examined. The results which we have recorded strongly 
confirm Young’s observations, and leave, we think, little doubt 
that the few as yet unresolved coincidences either will yield to a 
higher dispersion, or are merely aeoidental. It would indeed be 
strange, if amongst all the variety of chemical elements, and the still 
greater variety of vibrations which some of them are capable of 
taking up, there were no two which could take up vibrations of the 
same period. We certainly should have supposed that substances like 
iron and tatanium, with such a large number of lines, must each con¬ 
sist of more than one kind of molecule, and that not single lines, but 
several lines of each, would be found repeated in the spectra of some 
other chemical elements. The fact that hardly single coincidences 
can be established is a strong argument that the materials of iron and 
titanium, even if they be not homogeneous, are still different from 
those of other chemical elements. The supposition that the different 
elements may be resolved into simpler constituents, or into a single 
one, has long .been a favourite speculation with chemists; but how¬ 
ever probable this hypothesis may appear, a ’priori^ it must be 
acknowledged that the facts derived from the most powerful method 
of analytical investigation yet devised give it scant support. 

Appendix, May 13, 1881. 

The following supposed coincidences have been resolved, in addition 
to those before mentioned:— 
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6449*27. This is rather a "wide double, the calcium line being more 
refrangible than that of barium. 

6461*98. This is a close double, but the iron is less refrangible than 
the calcium line. 

6488*35. A wide double, the cadmium more refrangible than the 
calcium line. 

6407*88. The iron line is decidedly more refrangible than the 
strontium line. 

4690*69. -N^ot resolved before only from the faintness of the iron 
line, which is less refrangible than the titanium line. 



IHgure representing the arrangement of crucible by which most of the observa 
tions in the foregoing paper were made, a, block of dense magnesia; horizontal 
hole for obserration; c, upper perforated carbon through which substances were 
dropped into the arc; d, lower carbon, sometimes drilled and filled with metal; 
e, connexion for positive electrode; /, connexion for negative electrode ; q and h 
brass pillars fixed on wooden block. 
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IV. ‘‘ ObserYations concerning Transplantation of Bone, Illus¬ 
trated by a Case of Inter-hnman Osseous Transplantation; 
whereby over two-thirds of the Shaft of a Humerus was 
restored.” By W. Maoewen, M.D. Communicated by Pro¬ 
fessor Hxjxlet, Sec. RS. Received May 3, 1881. 

Fdcts pTeviotifSly TecoTded TegcLTdiftg TTayisplcmidtiovi of Soue. 

Pacts relating to attempted osseous transplantations are few, the 
details concerning them are meagre, and the deductions drawn there¬ 
from have been received with dubiety. 

Be^implanted PoHiom of Bone. —Pirst there are statements to the 
effect that portions of the skull elevated by the trephine having been 
replaced shortly after their removal have become again incorporated 
with and formed integral parts of the osseous walls. Other observers* 
construe these facts difEerently. i?hey say that the re-implanted 
portions of bone have become absorbed, and that they have been re¬ 
placed by deposits of fresh osseous matter. On the side of the former 
Plonrens adds the weight of his testimony, believing that he has 
demonstratedf the vitality of the re-implanted portions of bone in the 
skull of a guinea-pig. 

Periosteal Tramjflmiiation in Lower Animals, —Ollier has systemati¬ 
cally endeavoured to transplant periosteum, and though in one instance 
he has demonstrated the possibility of successfully transplanting peri¬ 
osteum, and producing permanent bone-growth therefrom, yet most 
of the grafts either failed at once or having produced certain osseous 
spicules were then slowly absorbed. J 

Osseous Transplants in Lower Animals. —Osseous transplants were 
also tried by Ollier, who convinced himself of the success of grafts 
placed under the skin, and in regions to which ossification was 

* C’est la du moins la reflexion qne fait Wagner sur les faits de Merrem, Wiess- 
mann, Walther, Klencte, Heine, qni lui paraissaient incertains.—“ Il($ggneration des 
Os,” par Ollier, vol. i, p. 420. 

t Elourens gives the above and other somewhat similar facts in the “ Comptes 
Rendns” de Tlnstitut, Aoflt 8,1859. 

J . Kons avons pu constater an bout de trois ans, snr un lapin, la per- 

sistance d*nn anneau osseux qne nous avions forme autom des muscles profondes de 
la jambe en transplantant un lambean de p^rioste pris sur la jambe du c6t© oppose.” 
—Ollier, loc. cit.^ vol. i, p. 413. 

“ Rous dvons vu souvent chez le lapin, le cbien, le cbat et d’autres animaux, des 
lambeaux p€riostiques ou m^dullaires se durcir d’abord, prendre m^me une consis¬ 
tence osseuse, et se resorber ensuite peu h pen. En examinant alors le Heu de la 
transplantation au bout de trois ou quatre mois, on ne trouvait plus rien, ou bien 
senlement au petit noyau fibreux en voie de disparaitre.”—Ollier, Joe. cit., vol. i, 
p.412. 
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foreign.* He judged of tlie vitality of the osseous grafts by their 
vascularity, and more especially by the formation of new osseous 
layers on their periphery. In a rabbit eight months old, he ex¬ 
changed pieces of the radial diaphysis, transplanting to the left a 
portion taken from the right, and vice versa. The result was im¬ 
mediate and perfect union in the right radius; in the left suppura¬ 
tion set in and the bone wasted, leaving the periosteum adherent and 
ossifying.t Wolf, of Berlin, repeated Ollier’s experiments, J and be¬ 
lieved that Ollier had arrived at wrong conclusions, as he (Wolf) had 
not been able to establish increase of osseous growth in any of his 
transplants. Ollier, however, maintained his position, and believed it 
to be strengthened by the fact that rat-tails had been transplanted, § 
and had grown as well after as before transplantation.!) 

Attempted Transplantation of Bo7ie and Feriosteum in Man, —^As one 
might expect, when the materials furnished by experiment on the 
lower animals are meagre, they are more so when looked for in man. 
Passing the fabulous account of transplantation of bone^ dating from 


“ Pour nous mettre a Tabri des objections qu’on adressait aux experiences de nos 
pr^dgcesseups, nous transplantames des 1858 des os entiers sous la peau ou dans 
d’autres regions ^trangbres a Tossification, et nous ptimes nous convainere que la 
gi*e& est bien reelle.”—Ollier, loe. cit., vol. i, p. 420 j also in “ Comptes Eendus ” 
de rinstitut, 28 fevrier, 1859. 

t Ollier mentions the following experiments :— 

“ Bagdanowski en 1860 (‘ Petersburger IMedicin. Zeitsclir.’) a transplants sur huit 
chiens des fragments de diaphyse du radius et du cubitus. L’os transplante ne s’est 
pas greffe, mais autoiir de la substance osseuse il s’est formb dans certains cas une 
capsule osteo-fibreuse qui se continuait avec les bords de I’os ancien,” 

“ Middeldorpf, ayant introduit des morceaux de radius de pigeon dans la carite 
abdominale d’un autre pigeon, vit Fos transplante subir la d%enereseenee graisseuse, 
apres s’etre entoiire d’lme capsule cellulo-fibreuse isolante.”—Guusburg’s “ Zeitsclirift 
Klin. Med.,” 1852. 

J “Die Osteoplastik in ibren Beziehungen zur Chirurgie und Physiologie.”— 
“ Arcliiy ftir kliniselie Chipui'gie,” Langenbeck, 1863. 

§ Bert, ** De la G-reffe Animale,” 1863, Thbse de Paris; “Journal de FAnatomie 
et de la Pbysiologie de Robin,” 1864; “ Comptes Rendus de ITnstitut,” 1865. 

j| Ollier only succeeded in the rabbit in transplanting portions of bone ; he never 
was able to do so in the dog, as the following will show:—“ . . . nous n’avons 
pas, du reste, reussi a greffer des os entiers chez le chien.”—Ollier, loc. cit,, vol. i, 
p. 421. 

% “ Tin eeclbsiastique nommb Kraanwinkel, racontait, du temps de Job-a-Meekren, 
qu’btant en Russie un Seigneur de cette nation re 9 ut d’lm Tartare un coup de sabre 
d. la tbte, lequel lui enleva ime assez grande etendue du cuir chevelu et la portion 
osseuse eorrespondante, qui resterent perdues sur le champ de bataiUe. Le ehirur- 
gien, pom* boucher Fouverture du cr^ne, detacha de celui d"un chien, tu6 k cet effet, 
une piece d’os de memes forme et dimension que ceUe qui manquait, et Farrangea si 
bien que le blessb fut parfaitement gueri .... Bient6t les foudres de FEglise 
fiirent laneees centre lui. D fallut pour rentrer dans la communion des fideles 
qu’il se fit retrancher Fimmonde depouille du chien, quoique soUdement eonsolidec, 
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the seventeeBth century, the attempt made by Percy to transplant ox 
bone into man is arrived at, and seems to be the first reliable experi¬ 
ment in that direction * On two successive occasions he placed in a 
human lower limb a portion of the tibia of an ox, hoping that it 
would fill up a gap left by a compound fracture attended with loss 
of bone. Those attempts were futile. Ollier likewise met with 
failure in endeavouring to transplant a portion of human peri¬ 
osteum from one part of a man’s body to another.f And a like 
result ensued on an attempt made by another surgeon to introduce a 
portion of dog’s bone into the human body.J Some months pre¬ 
vious to this last experiment, I transplanted a portion of one of tbe 
flat bones of the caniue skull into a gap in the skull of a man.§ Two- 

et qu’il se soimiit a un traitement plus conforme au caractere de chretien.”—“ Dic- 
txonnaire des Sciences Medicales,” livre XU, p. 355. 

* Xous ayous deux foisfait eet essai aveede bouts d’os • d’avant-bras, pris sur un 
boeuf, au moment oti il yenait d’etre abattu. Ces bouts avaient ete soies ayec soia; 
ils etaient encore reconverts d’une partie de leur perioste, et nous les avions inter¬ 
poses entre les fragments de la fracture, arranges pour les recevoir. Mais notre* 
entreprise,' ainsi que nous devions bien nous y attendre, a echoue, et loin que nos 
pieces d’os de bceuf, apres avoir ete en place une fois quinze jours et une autre* 
vingt, eussent presente le moindre vestige d’adberence et de cicatrization, nous 
piimes remarquer, en les retirant, qu’elles avaient manifestement nui au developpe- 
ment vasculaire des surfaces sur lesqueUes elles avaient porte et que leur sejour trop 
prolongs edt fait avorter I’ceuvre du cal oude la consolidation.”—Dictionnaire des 
Sciences Medicales,” livre XII, Art. “ Ente Animale,” p. 358. 

f “13 Mai, 1865.— Transplantation .—On fait une incision de 9 centimetres sur la 
face interne du tibia droit, imm4diatement au-dessous du cartilage de conjugaison 
superieur, s’eloignant ainsi s u ffissamment du genou pour ne pas y determiner une 
arthrite et se rapprocbant le plus possible du cartilage de conjugaison, afin d’avoir 
la portion de perioste la plus active du tibia. On d^tacbe ensuite avee la sonde- 
Tugine un morceau de perioste long de 8 centimetres, large de 2 centimetres, et on le 
laisse adherent par un seul point a sa partie superieure. Eaisant ensuite deux 
incisions transversales de'l centimetre et demi e 2 centimetres. Tune e, la racine du 
nez, Fautre Sr 7 centimetres au-dessus sur la partie moyenne du front, on creuse, avec 
une pince dont les deux branches sont tennues rapprochees Tune de Fautre, une* 
gaigne dans le tissue ceUulaire sous-cutane. On separe alors le morceau de perioste 
de ses demieres attaches, et on le transporte dans cette gaigne .... 22 Mai.— 
Lelambeau parfiit avoir descendu; son extremite fait plus de saillie par Fouver- 
ture inf^rieure; on croit inutile de laisser sejoumer un lambeau qui parait mortiS^ 
et qui joue le r61e de Icorps Stranger. On le saisit avec des pinees et on Farraehe 
brusquement; le malade pousse un cii, et Fon s’aperQoit que le lambeau tenait encore 
partrois points qui avaient contracte des adherences vasculaires.”—Ollier, loe. eit, 
Tol. n, pp. 437-8-9. 

t In September, 1874, Dr. Paterson removed a complete cylinder of the radius of 
a dog, measuring three-quarters of an inch, and placed it into a gap existing in the 
radius of a man. The transplant was not successful, the osseous cylinder coming 
away sometime after in an eroded condition.—“ Lancet,” October 19, 1878. 

§ In March, 1874, while acting as surgeon to the Western Infirmary Bispensaryf 
a man presented him self with a gap in the vault of hia cranium, resulting from a 
wound recced some weeks previously. From this wound a detached portion of the 
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thirds of the graft remained in the tissues, apparently becoming in¬ 
corporated with them and forming a firm hard layer. No opportunity 
was afforded of demonstrating by an incision the exact condition of 
the graft. Bearing in mind the repeated statement of Ollier, that 
osseous grafts taken from one species and transplanted into another 
species would not live, I am inclined to reserve expressing a positive 
opinion on the success of the graft in this instance. 

historical Besume ,—The position of transplantation of bone is, 
therefore, as follows:—In the lower animals Ollier has transplanted 
periosteum and osseous tissue, and among many failures he succeeded 
in one instance in forming an osseous ring from grafted periosteum, 
and in another in transplanting a portion of bone from the one radius 
to the other of the same animal. Wolf, of Berlin, repeated Ollier^s 
.experiments,* and stated that he never obtained an osseous growth 
from any transplant. In man there have been several attempts to 
transplant periosteum* and bone, which, with one exception, have 
been attended with failure. The exception—the case mentioned of 
grafting dog’s bone into a human skull—lias not been clearly 
demonstrated. 

Faints to be solved regarding Transplantation of Bone, 

It may be concluded, therefore, that the subject of transplantation 
of bone and its subsequent growth have not yet been convincingly 
proved, and that Ollier’s experiments require further confirmation. 

The questions which are still at issue are—first, will bone grow after 
transplantation ? Will it add any osseous increment to its bulk ? 

Second, are the facts derivable from animals applicable to man ? 

internal table of the skull protruded, whidi, when removed by the fingers, exposed the 
pulsating brain destitute of its dura mater, but covered by the ordinary exuberant 
granulations. A somewhat irregular aperture, an inch by half an inch, was left in 
the osseous wall. In order to fill up this gap a dog six weeks old was taken, and a 
portion of its parietal containing its ossifying centre was removed along with its 
periosteum. It was shaped into the form of the gap, and inserted into the osseous 
aperture in the man’s skiill. A small hole was left for drainage from the interior of 
the bone. Before transplanting, the skin which had been adhering to the edges of 
the bone was elevated, and the bones'were refreshed. After transplantation the 
skin and tissues were drawn together over the graft, and united by sutures. Three 
weeks after, about a tliird of the graft was found to have become necrosed, and 
shortly after this i^art separated. The remaining two-thirds adhered firmly. Soon 
■after the removal of the necrosed 'part the wound completely closed. On pressing 
the finger down on the skull, there seemed to be a little osseous elevation at the part 
where the graft remained ; and as far as the finger could detect through the scalp, 
the gap was filled by a hard resisting layer, apparently hone. 

* In a letter just received from Professor Ollier, he states that he has endeavoured 
to transplant periosteum removed from the limbs of condemned criminals, placing 
it in granulating wounds and ulcers. In one instance he found a hard part of 
^cartilaginous consistence, but the after result he was not able to follow. 
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It is highly necessary to ask this question, as Ollier admits that though 
snccessfnl in his osseous transplants among rabbits, he did not succeed 
in transplanting portions of bones in dogs. 

If the first two questions be answered affirmatively, the third 
follows:—^though the possibility of bone showing indications of growth 
after transplantation be admitted as a physiological fact, can it furnish 
any practical result ? 


Facts tending to slim the prolahility of TraoiSjplaiited Bone Living. 

Facts presented by my surgical observations, especially of compound 
fractures treated antiseptically, go far to support the belief that trans¬ 
planted bone is capable of living and growing. Stated briefly they 


are as follows:— 

Portions of completely detached bone covered with periosteum, after 
being washed with carbolised solutions, have been replaced, and they 
have lived, thrown out callus, and increased in thickness, uniting at 
the same time firmly to the neighbouring bone. 

A portion of bone, destitute of periosteum and completely detached 
from the soft tissues, has been removed and placed at a short distance 
from its original site, where it has adhered, united with the neigh¬ 
bouring bone, and apparently grown thicker in bulk. 

The cylindrical extremity of a fractured humerus for over 2 inches 
was completely stripped of periosteum, round its whole circumference ^ 
the soft tissues which covered it in were reduced to pulp, yet this 
portion of bone, entirely destitute of periosteum, lived and united firmly 
with the shaft. 

Portions of fingers and toes, containing their bones, have reunited 
after having been completely detached, and have grown into useful 
members. 

The three phalanges of a finger were entirely stripped of the soft 
tissues and vascular supply; the bones with their ligament and tendons 
projected as if in an anatomical specimen. The soft parts were put 
over it like a glove, and both lived and grew. 

These were at least sufficient to cause one to look hopefully on 
transplantation of bones. 


Consideration of best Method of Transplantation of Bone* 

What elements of Bone are best Suited for Osseous Transplants ?— 
In considering the suitability of the various osseous elements for 
transplantation, it was evident that periosteum was best suited as far 
as its vascularity was concerned; but if it were alone taken, it was 
equally clear that at best only a very thin osseous layer could result, a 
layer so thin as to be totally inadequate for the formation of a bone 
resembliii^ the human humerus. It is admitted that the true bone- 
formii^ elements of the periosteum are confined to the layer which is 
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in immediate contact with the bone, and which sends prolongations 
into the Haversian canals. How, if one attempts to elevate periosteum 
from healthy bone, portions of the osteogenic layer are apt to be left 
adhering to the osseous surface, the capabilities for bone formation of 
the periosteal graft being thereby deteriorated or destroyed. 

The whole of the Osseous JElements ought to he included in Transplants 
of Bom, —In taking the calcareous matter along with the periosteum, 
the whole periosteal osteogenic layer is preserved, the calcareous matter 
at the same time forming a support to and mould for the new bone. 
Besides, the prolongations of periosteum contained in the Haversian 
canals will proliferate if they have a free surface to expand into, and 
therefore the soft parts inclosed in the calcareous matter are important 
elements in the graft. The medulla is also under certain circumstances 
capable of producing bone; and, through its intermediary, the vascu¬ 
larity of the graft might the more easily be effected. It was, there¬ 
fore, determined that a graft should be composed of the whole of the 
osseous elements, periosteum, calcareous matter, and medulla. 

Failure of Osseom Transplants due to want of Nutrition, —In trans¬ 
planting bone the paucity of its vascular elements made the re¬ 
establishment of its blood supply the first point to be considered. 
Failure has attended attempts at grafting cylindrical portions of the 
long bones, owing to the length of time necessary to establish the 
blood supply through the periosteum to the more distant and dense 
portions of bone. 

How to Maintain Nutrition after Transplantation. —In order to place 
transplanted bone in the most favourable conditions for living, it ought 
to be divided into small pieces, so that the blood effused from the 
intermuscular space into which the bone would be implanted, may 
permeate between the individual fragments, and thereby afford a 
medium for the establishment of vascular connexions, and the supply 
of nutriment to the individual pieces of bone. Though the transplant 
consisted of dense osseous tissue, in its divided form it would some¬ 
what resemble cancellated tissue. The re-establishment of the blood 
supply to the grafts would thus be hastened and facilitated, and any 
portion of the graft which was not suitable could be easily thrown off 
without involving the whole. 

Other reasons for Dividing Bone into Small Pieces. —On other grounds 
the division of the osseous transplant into small portions is advan¬ 
tageous. Whether the leucocytes in the effused blood clot may or 
may not be transformed into bony tissue, the blood clot itself when 
small in quantity forms an excellent matrix for the proliferation of 
the osteogenic elements. Again, the division of the bone into small 
pieces not only makes the individual vitality more certain, but it also 
supplies a greater number of prolifemting osseous centres. In the 
case of the calcareous tissue there is this further potent reason, 
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that the osteogenic cells contained in the Haversian, canals cannot 
proliferate (except at the expense of the hard tissue) as long as they 
are hound in—imprisoned by—calcareous walls; the division of these 
hard walls gives the soft tissues contained therein room to proliferate. 
Besides, the graft when composed of small portions of bone, is more 
easily moulded into any form which the surgeon may desire. 

It was resolved to give practical expression to these views in the 
following case. In order to place all the particulars of the case before 
those interested, the history is given in detail. 


€ase in. tvMcli Interlmman Transplantaiion was Successfully Performed, 

WiUiam Connell, aged three years, was admitted into the Royal 
Infirmary, Glasgow, under my care on the 17th July, 1878, in a much 
emaciated and exhausted condition arising from suppuration in con¬ 
nexion with necrosis of the right humerus. 

He came of healthy, though poor and itinerant parents. He pre¬ 
sented the appearance of a much neglected child. Constitutionally 
he was weak, his pulse a mere thread, his cheek surmounted by a 
hectic flush, and on slight effort beads of perspiration bedewed his 
forehead. The right upper arm was greatly distended, and fluctuant 
from shoulder to elbow. About the middle of the upper arm there 
were two cicatrices, which were stated to be the marks of recent 
openings through which pus had escaped to within a week of his 
admission to the hospital. Toward the middle of the outer aspect of 
the arm, the sMn, including these cicatrices, was for about a couple of 
inches thin and reddened. A puncture was made at this point, giving 
vent to fouiteen ounces of thin foetid pus. When the abscess was 
evacuated the shaft of the humerus was found to be totally necrosed, 
and already separated from its head at the epiphyseal junction. At 
the condylar epiphyses slight crepitation was elicited. From the 
condition of the bone, as well as from the few items of history which 
could be relied on, it was evident that the destruction of the bone had 
occurred from four to six weeks previously. After the pus had been 
evacuated, and the distention of the soft parts had thereby been 
reduced, the shaft of the humerus was exposed through an aperture 
measuring nearly an inch square, situated on the outer aspect of the 
arm. The bone at this point was dark-coloured and foetid. The arm 
was dressed, the patient was placed on generous diet, and otherwise 
attended to in the hope that his strength might improve, and that he 
would thereby be placed in a better condition for the removal of the 
necrosed shaft. Notwithstanding treatment, the daily discharge of 
foetid pus was great, and as the amount was not much lessened at the 
end of three weeks, it was considered advisable to remove the source 
of irritation. 
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Necrosed Bone Bemoved* —On August 7th., 1878, tlie part of the 
necrosed hone exposed at the aperture already mentioned was divided 
by the bone forceps. The upper part of the shaft was then caught by 
lion forceps, rotated in order to loosen its periosteal attachments, and 
then pulled out. The lower portion was similarly dealt with. The 
•two portions removed comprised the whole humeral diaphysis. The 
periosteum opposite the opening in the soft parts was nowhere seen or 
felt, its place being occupied by granulation tissue. Granulations like¬ 
wise lined the tunnel from which the bone was removed; but at the 
upper part toward the head of the bone, the finger detected periosteum 
with rough calcareous matter adhering. The apertures left by the 
removal of the shaft were strdSed with carbolised lint, and the arm 
was carefully fixed on a splint. The suppuration continued profuse 
for about a fortnight, then gradually diminished. The tunnels left 
by the withdrawal of the bone were kept patent as long as possible, 
but they slowly coalesced from the epiphyses toward the superficial 
openings without the formation of new bone, except for a short dis¬ 
tance from the head of the humerus. After the first fortnight the 
patient’s constitutional state improved under good diet, cod liver oil 
.and lime waiier. Local applications, with a view of stimulating the 
bone growth, were tried, but were found unavailing. The wounds were 
‘quite healed on 1st !N’ovember, and he was dismissed from the ward 
on the 23rd IsTovember, 1878, with about an inch and three-quarters of 
shaft attached to the head of the bone; even this was thin and 
tapered. There was no bone from this down to the condyles. There 
was, therefore, over two-thirds of the humeral shaft wanting. A 
month after (in December, 1878), he was seen, and the tapered portion 
had increased by about a quarter of an inch. The measurement from 
the acromion process to the end of this tapered process was 2 inches. 
He was seen monthly for some time, but no further growth of bone 
followed.* 

Appearance of the Arm one year and three months after. —On November 
7, 1879, the patient,was re-admitted to the hospital. The bone had 
not grown further, though one year and three months had elapsed since 
the subperiosteal resection of the humerus. When the limb was placed 
hanging down by the side, the measurement from the tip of the 
acromion process to the distal extremity of the proximal portion of 
the humeral shaft was nearly 2 inches. In form, this upper fragment 

Cases of subperiosteal resections of the humerus have occurred in which the 
ibone has not been reproduced. Thus, NedSpil performed a subperiosteal resection 
-of the humerus in a boy twelve years of age, the shaft not being reproduced. In 
•order to render this boy’s arm of some use an orthopoedic apparatus, devised by 
BiUroth, was applied. NeudSrfer also mentions a case in which the humeral shaft 
was not reproduced after subperio^eal resection. (Professor D. Togt, “ Die Chirur- 
,gischen Krankheiten der Oberen Extremitaten,”’p. 225, paragraph 212.) 
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was conical, tapering from the head to a narrow spike-like distal 
extremity, whicli appeared, wken he attempted to raise the arm, as if it 
would penetrate the skin. From this down to the condyles there was 
a complete absence of bone, there being nothing but soft tissnes in the 
gap. The mnscnlar power was good, bnt when he attempted to raise 
his arm a contraction of the mnscles took place, the condyles being 
drawn towards the proximal extremity, while some fibres of the 
deltoid raised the spike-like process of the upper portion, causing it to 
project as if about to penetrate the skin. Here the action ceased, 
the soft parts in the gap appearing like a rope during the contraction. 
He could not raise his forearm to his breast. If one caught the arm 
firmly with the hand so as to keep the condyles fixed and separate 
from the upper fragment, then the patient could elevate the forearm 
towards his chin. The power was there; the lever and fulcrum were 
wanting. An apparatus supplying these might have been devised, but, if 
such an expensive article could have been obtained, it would have 
been necessary to renew it often as he grew older. On account of his 
social condition it would have been impossible to secure this and the 
after attention necessary. The only other alternative was to supply 
the gap by transplantation of bone. 

In my wards there were numerous cases of marked anterior tibial 
curves, from which wedges of bone had to be removed, and it was 
determined to utilise these wedges as transplants. 

Transplantations of Bones. 

Transplantation of two Wedges of Bone. —On November 9th, 1879 
(one year and three months after the removal of the necrosed shaft) 
an incision was made down to the extremity of the upper fragment. 
This extremity was found to be cartilaginous for fully a quarter of an 
inch. This eartilagmous spike-like process was removed, leaving then 
a portion of bone which measured If inch from the tip of the acromion 
process. From this point a sulcus about 2 inches in length was made 
in a downward direction between the muscles. The former presence 
of bone was nowhere indicated, and the sole guide as to the correct 
position into which the transplant was to be placed was an anatomical 
one. After the sulcus was formed, the hssmorrhage was fully arrested, 
and an aseptic sponge was placed in the gap, which was then ready to 
receive the bone. 

Two wedges were then removed from the tibiae of a patient six years- 
of age, afiEected with anterior tibial curves. The base of these osseous 
wedges consisted of the anterior portion of the tibia, along with its. 
periosteum, the wedges gradually tapering towards the posterior part 
of the tibse. 

They were removed, then cut into small fragments with the chisel, 
and immediately thereafter they were deposited in the sulcus in the 
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boy’s arm. They were kept under tlie spray from the time they were 
removed from the tibias until they were covered by the soft parts of 
the arm and its antiseptic dressing. The time occupied in removing 
the wedges, cutting them into fragments, and placing them in the 
living tissues of the arm, was about two to three minutes. A drain of 
horsehair was inserted, and the wound was carefully stitched and 
dressed. 

The wound healed without pus production. The patient’s tempera¬ 
ture remained normal throughout. 

A month after the operation the arm was looked at for the third 
time, when the transplant felt firm and united. 

Result of the first Tratisplant —Two months after, it was thoroughly 
examined, when a portion of the bone, 1 inch in length and, as far as 
c6uld be measured, nearly three-quarters of an inch in thickness, was 
found firmly attached to the upper fragment of the shaft. In running 
the finger from the head of the bone towards the graft, the latter could 
be distinguished by its greater breadth. At this time, instead of the- 
former sharp spike, the upper fragment ended in an obtuse terminal. 

Placing the arm by the side, the measurement from the tip of the 
acromion process to the extremity of the bone was now 2f inches. 
That was a distinct gain of 1 inch in length. The arm was shown in 
this condition to the Glasgow Pathological Society. 

Second Transplant. —On February Isb, 1880, the upper fragment was 
laid bare, the extremity of the first graft was exposed, and found to be 
covered by a fibrous vascular membrane, which had to be elevated in 
the same way as periosteum. Under this there was distinct cal¬ 
careous tissue, which had all the appearance of living bone. A 
sulcus was made between the muscles for the reception of fresh grafts^ 
which were obtained from a patient five years of age, affected with 
anterior tibial curves. The wedges were divided into larger pieces 
than the first graft. 

Some of these measured half an inch by a quarter of an inch, but tho¬ 
rn ajority were about one-eighth of an inch by one-sixteenth. 

The child kept well up to the third week, when the temperature 
suddenly rose, and on examination some pus was found on the dress¬ 
ing, and one of the larger pieces of bone was discovered on the surface 
of the wound. Afterwards several portions of bone were shed. The 
portions were mostly the larger pieces of the graft. The smaller 
fragments remained. Thus about one-third of the second graft came 
away. The portions of bone which were shed were eroded, small 
hollows being formed on their surface, filled with granulation tissue.- 
After these parts were removed, there was a distinct firm mass of bone 
left. 

Result of the second Transplant. —On April 20th (about two and a half 
months after the second graft) the measurement from the tip of the 
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acromion to tlie extremity of tlie shaft was 4 inches, being a gain of 
an inch and a quarter.* 

The third Transplant. —On 9th July, 1880, the third transplant was- 
performed. On this occasion the condyles were exposed, and a cartilagi¬ 
nous spike an eighth of an inch in length, situated between the condyles 
was seen to be the sole representative of the shaft from that direction. 
This cartilaginous spike was removed, and the upper portion of the con¬ 
dyles was refreshed. A sulcus between the muscles was then made from 
the condyles to the distal extremity of the upper fragment. Two osseous 
wedges were removed from a patient aged nine years, affected with 
anterior tibial curves. Each of those wedges was half an inch thick 
at its base, and measured three-quarters of an inch in length from 
apex to base. They were divided into smaller fragments than the last, 
and were laid into the groove between the muscles- The wound: 
healed, all but a small part of the lower border, from which four small 
portions of dead bone were removed at the second and third dressings- 
About the middle of August there remained a firm osseous ridge 
running from the condyles towards the upper fragment. At this 
date the patient was dismissed from the hospital, and returned on 2?th 
October, 1880. On his return the last transplant was found to- 
be still firm, and measuring from If to 2 inches in length. It was 
also thicker than that resulting from the others. The proximal and 
distal grafts were now touching and could be rubbed together. 

Two Ends of transplanted Bones refreshed .—It was thought advisable 
to refresh the ends of these grafts, and bring them together by sutures. 
This was done on October 31st, 1880 (over three and a half months 
from the last graft, and about one year from the time of the first 
graft). Both extremities were seen to be distinctly osseous, and 
appeared to be living bone. They were covered by a fibrous vascular 
membrane, resembling periosteum. It was somewhat difficult to- 
secure correct apposition, and some portions had to be removed by 
the bone forceps in order to permit of better adaptation. Six weeks 
after, when the wound was looked at, union was not perfect. The 
extremities of the bones were rubbed firmly together, and on January 
9, 1881, union was found to be taking place. In order to hasten it 

* On July 6th, 1880, a little girl was admitted into the ward suffering from a 
crush of the upper arm received by a railway accident. Amputation at the upper 
third of the arm had to be performed. The lower tliird of the humerus, though 
somewhat crushed, was so nearly what was wanted to fill up the gap in the boy’^s 
arm, that it was determined to transplant it. Owing to the manner in which it 
fitted into the gap in the boy’s arm it was considered advisable, in an experimental 
sense, not to divide it into small pieces, but to preserve it entire. It was transferred 
on July 6th, but three days after the periosteum was found to be in great measure 
stripped, leaving the cylinder bare. The bone was therefore removed ; the granu¬ 
lations in the sulcus between the muscles scraped, and what may be regarded as the 
third regular transplant proceeded with. 
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a couple of pegs were inserted witli the aid of a drill. They were kept 
in for five weeks, and when removed the bone was found firm. At the 
begiiming of March, 1881, the bone was found firmly united, from the 
head to the condyles, and measured 6 inches; while the left humerus 
measured inches, that is to say, half an inch longer than the trans¬ 
planted one. On rotating the condyles the head of the humerus 
responded to the movement. The patient could lift his arm to his head 
and otherwise use it. 

Besimie .—This was a case of extensive suppurative periostitis 
followed by complete necrosis of the humeral diaphysis. The 
necrosed humerus was divided at its exposed part;, and each half was 
pulled out from what was supposed to be its periosteal sheath; but on 
withdrawal doubts were expressed as to whether the periosteum had 
not, for the most part, undergone destruction. As a result, at the 
proximal extremity bone was formed, of a pyriform shape, tapering 
from the head toward a point an inch and three-quarters from the’ tip 
of the acromion process. This left over two-thirds of the shaft want¬ 
ing. There was no further attempt at bone formation. A year and 
three months afterwards, the state of the parts remained the same. 
After this time the first transplant was performed. In making the 
sulcus for the reception of the graft, reliance had to be placed on the 
anatomical relations as to the correct position for the graft, as there 
was no ti’aee of periosteum or fibrous structure to indicate the former 
whereabouts of the bone. Portions of human bone were transplanted 
on three different occasions. The grafts were obtained from patients 
affected with anterior tibial curves, from whom wedges of bone had 
to be removed for the purpose of straightening their limbs. These 
•osseous wedges, with their periosteum, were each divided, after 
removal, into many small pieces, which were immediately placed in 
the sulcus prepared for them in the boy’s arm. These small portions 
united together and adhered to the head of the humerus above and 
the condyles below, ultimately forming a sohd rod, only half an inch 
shorter than the humerus of the opposite side. The transplantation 
of bone converted a useless arm into a thoroughly useful one. 

Deductions from tMse Transplantations. 

Though the foregoing is only a single case, as far as the individual 
is concerned, yet from the number of transplants which have been 
performed it may be regarded as a series of experiments. It is now 
necessary to ask, what conclusions may be drawn from the data sup¬ 
plied by these experiments ? Before answering these, the way may 
be cleared by reference to two points. First, some who have heard 
oi this case without having seen the operations, have asked, whether 
it was not possible that some old periosteum remained in the arm and 
produced the new bone, the operation of transplantation having only 



1881.] Olservations eoncetming Transplantation of Bone. 245 

acted as a stinmltis to it ? In answer, it must be borne in mind, that 
bad periosteum existed, between tbe condyles and the upper part of 
tbe humerus, it had ample opportunity of revealing itself by osseous 
growth, during the fifteen months which elapsed between the removal 
of the dead bone and the transplantation of the new. Again, in 
opening up the sulcus between the muscles for the reception of the 
transplants, neither periosteum nor any vestige of like fibrous mem¬ 
brane was seen; so much so, that it was only by recognising the 
relative positions which the muscles ought to occupy toward the 
humerus, that a guide to the correct position of the transplants was 
found. Further, the growth of bone in the arm was at first only 
commensurate with the transplants. There was no indication of 
osseous growth in the vicinity of the transplant which might have 
arisen from the ‘‘supposed stimulated periosteum.*’ Finally, the 
solid humerus stiU retains the irregularities of shape which the trans¬ 
plants were permitted to assume in the tissues. So that there is not 
an iota of fact to support the supposition that the new bone grew from 
old periosteum. 

Transplants not being Absorbed, 

Secondly, it is stated that though transplanted bone may be 
retained in the tissues, yet it may be simply encapsuled and be under¬ 
going slow absorption. If absorption were taking place the changes 
so brought about ought to be apparent by this time. The first graft 
was made one year and five months ago, the last nine months since 
(this is written on 12th April, 1881), and the bone formed after the 
healing of the wound made for the reception of the graft has not only 
maintained its original dimensions but has grown. This sufficiently 
sets at rest the question of absorption of the transplanted bone. 

The way being thus clear, the conclusions drawn from the data 
supplied by these experiments may be considered. To commence 
with the questions in the order in which they are placed at the 
beginning of this paper. What evidence do these experiments afford 
as to the growth of transplanted bone ? 

Proofs of Growth of Transplants, 

When from six human lower limbs six wedges of bone (along with 
their periosteum and marrow) are removed, divided into small pieces, 
placed in the arm of a boy, in an intermuscular space freshly opened 
by the scalpel for their reception; and when it is seen that, with the 
exception of a few fragments of bone which were shed, the whole of 
the grafted portions united one to another and to the ends of the 
original bone; making in all four and a-half inches of osseous 
transplant, whereby a united humerus has been formed, which he 
moves and uses as the other arm; it may be concluded that the trans- 
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planted bones have lived and grown. Before these transplanted por¬ 
tions of bone conld have united together, there must have been a 
proliferation of the bone-forming elements contained in the grafts. 
That the development of fresh bone originated in the transplants is 
typically illustrated, where the second transplant united to the first by 
one end, while its other extremity was free in the tissues; so that it 
did not come into contact with the original bone at any part. Yet 
this transplant consolidated just as well as the first or second trans¬ 
plant did. As further illustrations of the vitality of the transplants 
and the growth of new bone from them, there is, firstly, the evidence 
derivable from the callus thrown out between the second and third 
transplants, after their extremities were refreshed, the same phe¬ 
nomena being observed here as in an ordinary case of ununited 
fracture. Secondly, the bones became sensibly thicker at the point 
where they were drilled for the reception of the pegs. All these are 
evidences of actual growth of bone from the transplants. 

Vascularity of Transplants. 

When the extremities of the second and third transplants were* 
refreshed, the appearance of both bones was that of living osseous 
tissue; surrounded by a thin fibrous vascular membrane closely 
adherent to the bone, and which bled when it was scraped up, 
much in the same way as periosteum would under similar circum¬ 
stances. This membrane did not resemble the thick semi-vascular 
capsule which is found surrounding dead tissue in process of being- 
al^rbed. 

These facts being derived from the interhuman transplantation are, 
as they stand, a sufficient answer -bo the second question; while the 
utility of the arm after restoration of two-thirds of the humeral shaft 
establishes the practical results of the operation. 

The method of division of the bone into small pieces prior to trans¬ 
plantation, and the a priori reasons for doing so, have been borne 
out by the success which has attended the practical performance of 
the operations. 


Conclusion. 

From the foregoing the following may be formulated:— 

1. Transplanted bone is capable of living and growing. 

2. Interhuman transplants of bone live and grow. 

3. Interhuman osseous transplants are capable of being put to 
practicai uses beneficial to mankind, 

4. The whole of the osseous elements ought to be included in the 
transplants. 

5. The most successful mode of transplanting bone is to divide it 
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into small fragments witii a sharp instrument before inserting it into 
its new locus. 

6. In order to insure the success of the graft the transplantation 
must be conducted antiseptically. 

V. ‘‘Experimental Determination of the Velocity of White and 
of Coloured Light.” By Dr. J. Young, F.R.S., and Pro¬ 
fessor Gr. Foebes. Received May 17, 1881. 

(Abstract.) 

The method employed in this research to measure the velocity of 
light resembled the method of M. Fizeau, subsequently employed by 
M. Cornu. A revolving toothed wheel is employed in the same way 
to alter the intensity of the light reflected from a distance. In the 
present method, however, there are two distant reflectors instead of 
only one. They are separated by a distance of a quarter of a mile. 
The observing telescope and the two reflectors are almost in the same 
line. The observer sees two stars of light which go through their 
phases with different periods as the toothed wheel is revolved at in¬ 
creasing speeds. One star is increasing, while the other is diminish¬ 
ing, in intensiiy, with increase of speed of the toothed wheel. The 
speed required to produce equality of the lights is determined by 
means of a chronograph. By choosing such a speed as gives a maxi¬ 
mum of one star at the same speed as a minimum of the other, a pair 
of observations eliminates all cause of doubt arising from varying 
brightness in the stars, and ratio of the width of a tooth to the width 
of a space. The distances were observed by triangulation with the Ord¬ 
nance Survey 18-inch theodolite, using as a base line a side of one 
of the Ordnance Survey triangles. The source of light was an electric 
lamp. The velocities (uncorreoted for rate of clock, and reduction to 
a vacuum) measured are as follows:— 

187,707 

188,405 

187,676 

186,457 

185,788 

186,495 

187,003 

186,190 

186,830 

187,266 

188,110 

188,079 
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Mean.. 


187,167 miles a second. 
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The correction to vacunm is + 54 miles a second. The correction 
for rate of clock to a mean solar time is + 52 miles a second. 

The final results for the velocity of the light from an electric lamp 
m vacuo is 187,273 miles a second, or 301,382 kilometres a second. 

Using Struve’s constant of aberration 20^^*445, we obtain for the 
solar parallax the valne 8''-77, and for the mean distance of the snn 
93,223,000 miles. 

On February 11th, 1881, the reflected stars were seen to be coloured^ 
one reddish, the other bluish. The particular colour of a particular' 
star depended upon the speed of rotation of the toothed wheel. That 
star which was increasing with increase of speed of the toothed wheel 
was reddish, that one which was diminishing with increase of speed 
was bluish. This seems to be caused by the fact that blue rays travel 
quicker than red rays. 

A number of tests were made to judge of the accuracy of this con¬ 
clusion, and they confirmed it. In the final arrangements, the 
electric light was acted upon by a bisulphide of carbon prism, and part 
of a pure spectrum was used. Differential measurements were then 
made to find the difference in velocity of rotation of the toothed wheel,, 
required to produce equality of red and of blue lights. The most con¬ 
venient method was to use a driving weight slightly in excess of that 
required to produce equality of the light, then to fix to the pulley 
camyring the weights one end of a piece of stout india-rubber tubing,, 
the other end being fixed to a point above. This gradually diminished 
the effective driving weight. The equality of red lights was first 
noted, the colour of the light was changed, and the interval of time 
until the blue lights were equal was measured. The rate at which the 
india-rubber diminished the speed was afterwards measured by the aid 
of the chronograph, and thus the difference of speed determined. The 
mean of 37 determinations in this and other ways gave the result that 
the difference in velocity between red and blue lights is about 1*8 per 
cent, of the whole velocity, blue travelling most rapidly. 

The general conclusion seems to be supported by a comparison of 
the velocity of light measured by M. Cornu and Mr. Michelson, where 
the source of light usually employed is taken into consideration. 
These are the only accurate measurements of the velocity of light 
hitherto published. They give us the following results ;— 


Michel^n’s research.... 
Ck>rQu’8 „ .... 

The present „ .... 


Usual source of light. 

Yeloeity in kilo¬ 
metres a second. 

The sun near horizon.. 
Xiime light..... 

299,940 

300,400 

301,382 

Electric light ... 
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Classifying tlie sources of light nsed by Comn, we get the following 
approximate relative velocities:— 


Source of light. 

Xo. of 

observations. 

Approximate relative 
velocity. 

Petroleum. 

20 

298,776 khos. 

Sim near horizon. 

11 

300,242 „ 

Lime light. 

■ 449 

300,290 „ 


All these results seem to support the view that the more refrangible 
the source of light, the greater is the velocity. But the evidence of 
the present observations, indicating an excess of velocity for blue over 
red light, seeming to exceed 1 per cent, of the whole, must rest upon 
the merit of the present observations themselves. 


Presents^ Matj 5, 1881. 
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Edinburgh:—Royal Society. Transactions. Yol. XXIX. Part 2. 
4to. EdluJjiirgh 1880. Proceedings. Yol. X. Xo. 105. 8vo. 
Edlnhurgli 1880. The Society. 

Graz :—Xaturwissenschaftlicher Yerein fiir Steiermark. Mittheil- 
ungen. Jahi*g. 1880. 8vo. Graz 1881. The Association. 

Jena:—^hledicinisch-natur-wissenschaftliche Gesellschaft. Jenaische 
Zeitschrift, Bd. XIY. Supplement-Heft I. 8vo. Jena 1881. 

The Society. 

London:—Anthropological Institute. Journal. Yol. X. Xo. 2. 8vo. 
London 1880. The Institute. 

Entomological Society. Transactions. 1881. Parti, London, 

The Society; 

Institution of Civil Engineers, Minutes of Proceedings. YoL 
LXIII. 8vo. London 1881. Private Press, Xos. 1-12. 

The, Institution, 

Meteorological Society. Quarterly Journal. Yol. YII. Xo. 37. 
List of Fellows. Jan. 1881, President's Address, 8vo. London 
1881. The Society. 

Royal Astronomical Society. Monthly Xotices. Yol. XLI, Xo. 5. 

8vo. London 1881. The Society. 

Statistical Society. Journal. Yol. XLIY. Part 1. 8vo. London 
1881. ^ The Society. 

Lyon:—Societe de Geographie. Bulletin. Tome III. Xo. 19. 8vo. 
Lyon 1880. The Society, 
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Madison:—Wisconsin Academy. Transactions. Yol. lY. 8vo. 

Madison, Wis. 1878. Tke Academy. 

Mnnicii:—K. B. Akademie der 'Wissenschaften. Abhandlnngen. 
Hist. Classe, Band XV. Abtk. 3. 4to. MUnchen 1880. 
PHlos.-Plulol. Glasse. Band XV. Abtk. 3. 4to. Munelim 1881. 

The Academy. 

ISTew Yorh:—^Academy of Sciences. Annals. Yol. I. Nos. 11—13. 
8vo. Nm Yorh 1880. Index and Contents to Yol. XI, Old 
Series. Academy. 

American GeograpMcal Society. Bulletin. 1880. Ho. 2. 8vo. 
New Yorh 1881. The Society. 

Haples:— Zoologische Station. Panna nnd flora des Golfes von 
Heapel. Monograpbie 11. 4to. Leijpeig 1880. 

Dr. Siemens, F.KS. 


Observations, &c. 

Paris:—Bnrean Central Meteorologiqne. Annales. Annee 1878. 
n. Bnlletin des Observations Fran^aises. 4to. Paris 1880. 
lY. Meteorologie Generale. Oblong. Paris 1880. Annee 1879. 
I. Ftnde des Orages en France. 4to. Paris 1880. lY. 
Meteorologie Generale. 4to. Paris 1880. The Bureau. 

Depot de la Marine. Bassin Oriental de la Mer M6diterran6e. 
Partie 2. 8vo. Paris 1880. Pilote de la Manche. C6tes Nord 
de Fmnce. Tome IT. 8vo. Paris 1880. The Depot. 

Washington:—D. S. Coast and Geodetic Survey. Methods and 
Besults. Meteorological Researches for the use of the Coast 
Pilot. Part 2. 4to. Washington 1880. 


Berthelot (M.) Bssai de Meeanique Chimique. Supplement. 8vo. 

Paris 1881. The Author. 

Braithwaite (R.) The British Moss-Flora. Part 4, 8vo. London. 

The Author. 

Camdes (Luis de) Os Lusiadas. Oblong. Lislonne 1880. 

La Soci4te Proprietaire du Diario de Notieias. 
Carmthers (Rev. G. T.) The Attraction of Simple Gravity. 8vo. 
Boorhee. 

Dumas (J. B.) filoge Historique de Henri-Yictor Regnault. 4to. 

Paris 1881. The Author, per W. De La Rue, F.R.S. 

Bllery (R. L. J.), F.R.S. An Improved Ombrograph, or Self-register- 
ing Rain-Gauge. 8vo. Melbourne. The Author. 

Fievez (Ch.) Recherches sur I’&argissement des Raies Spectrales 
de THydrogene. 8vo. BruxeUes 1881. The Author. 
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Mascart (B.) La Meteorologie appliqaee a la Prevision dn Temps, 
8vo. Paris 1881. ‘ L’Ecole Snperienre de Tel6grapMe, 

Ovidio (E. d’) INTota sulle Forme Binarie de 5® Ordine. 8vo. Torino 
1880. The Author, 

Paiva (Adriano de) La Telescopie lllectrique basee sur Temploi du 
Selenium. 8vo. Porto 1880. The Author, 

Plantamour (Ph.) Des Mouvements Periodiques du Sol accuses par 
des Niveaux a BuHe d’Air (Deuxieme annee). 8vo. G&tieve 1881, 

The Author. 

Plateau (J.) Bibliographic Analytique des principaux Phenomenes 
Subjectifs de la Vision. 2e Supplement. 4to. IBruxelles 1880.] 

The Author. 


Bronze Medal struck by the Academie des Sciences, Paris, in honour 
of Henri Milne-Edwards, Membre de ITnstii-ut, on the com¬ 
pletion of Ids “Lemons sur I’Anatomie et la Physiologie Com- 
parees.^* The Academy, per W. De La Rue, F.R.S. 


Presents^ May 12, 1881. 

Transactions. 

Boston:—^American Academy of Arts and Sciences- Proceedings. 
Hew Series. Yol. YIII. Part 1. 8vo. Boston 1881. 

The Academy. 

Brighton:—^Natural History Society. Annual Report, 1880. 8vo. 

Brighton 1880. • The Society. 

Buckhurst Hill:—^Epping Forest Haturalists’ Field Club. Trans¬ 
actions. Parts. 8vo. Buckhurst Hilly Essex ISBl. The Club. 
Buda-Pest:—Magyar Tudomanyos Akademia. Ahnanach, 1881. 8vo, 
B-udapest 1881. firtesito 1879: 7, 8. 1880: 1-8. 

(Archseologiai) XIII Kotet. 8to. Budapest 1879-80. fivkOny- 
vek. XVI. 6. 4to. Budapest 1880. Kozlemenyek (Archaeologiai) 
XIII. 2. .Budapest \BB0. (Hyelvtudomanyi) XV. 3: XVI. 
1. 8vo. Budapest 1879-80. firtekezesei: a nyelvt. es szepiro- 
dalom Korebol. VIIL 5-10: IX. I, 2. es cziml. Vni. 8vo. 
Budapest 1879-81. firtekezesek a tarsadalmi tudom^yok 
Korebol. V. 9: VI. 1-8. es cziml. V. 8vo. Budapest 1879-80. 
firtekezesek a tortenelipi tudomanyok Korebol. YIH. 10: IX. 
1-3. es cziml. IX. 8vo. Budapest 1880. firtekezesek a mathe- 
matikai tudomanyok Korebol. VII. 6-22. 8vo. Budapest 
1879-80. firtekezesek a termeszet-tudom&iyok Korebol. IX- 
20-25: X. 1-18. es cziml. IX. 8vo. Budapest 1879-81. Monu- 
menta Hungarise Historica. 11 osztaly. Scriptores. Voh XXX, 
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et Snppl. Ill osztaly. Momimenta Comitialia Hegni Tran- 
sjlvaniae. 8vo. Biidajpest 1880-81. Dr. Abel Jeno: Adalekok 
a Hmnanismns Torteneteliez Magjarorszagon. 8yo. Budapest 
1880. Thaly Kalman: Ocskay Laszlo. 8vo. Budapest 1880. 
Wenzel Gnsztar: Magyarorszag Banyaszatanak Kritikai Tor- 
tenete. 8yo. Budapest 1880. Comes Greza Kuun; Codex Cnm- 
anicus. 8vo. roy. Biidapestmi 1880. Momimenta Hnngariae 
Arcbaeologica. Vol. IV. Partes 1, 2. 4to. Budapest 1879-80. 
Szilady Aron: Temesvari Pelbart filete es Mnnkai. 8vo. Biida- 
pest 1880. Literarische Bericbte ans Ungarn. Band IV. 
Hefte 1-4. 8vo. Budapest 1880. Ungariscbe Bevne, 1881. 
Hefte 1, 2. 8vo. Leipzig^ &c. 1881. Pesty Prigyes: Az Eltiint 
Begi Varmegyek. 2 toIs. 8vo. Budapest 1880. Torma Karoly; 
Bepertorinm ad Literatnram Daciee Arcliaeologicam et Epigra- 
pbicam, 8vo. Budapest 1880. Szasz Karoly: Grrdf Szecbenyi 
Istvan es az Akademia Megalapitasa. 8vo. Budapest 1880. 
Begi Magyar Koltok Tara. Kotet II. 8vo. Budapest 1880. 

Tlie Academy. 

Calcutta:—^Asiatic Society of Bengal. Proceedings, 1881. No. 2. 

8vo. Calcutta 1881. The Society. 

Cambridge:—Philosophical Society. Transactions. Vol. XIII. 
Parti. 4to. CambridgeISSll Proceedings. Vol.III. Parts?,8. 
Voi. rV. Part I. 8vo. Cambridge 1880-81. The Society. 

Cambridge (Mass.) :—Harvard College. Mnsenm of Comparative 
Zoology. Bulletin. Vol. VHI. No. 3. 8vo. Cambridge 1881. 

« The College. 

Erankfnrt-am-Main:—Senckenbergische Naturforschende Gesell- 
schaft. Abhandlungen. Band XII. Hefte 1, 2. .4to. Franhjurt- 
o-J/l 1880- Bericht, 1879-80. 8vo. FranhfurUa-M. 1880. 

The Society. 

Leipzig:—Naturforschende G^sellschaft. Sitznngsberichte, 1879, 
1880. Nos. 1, 2. 8vo. Leipzig. The Society. 

. London:—Linnean Society. Journal. Botany, Vol. XVIII. No. 111. 
8vo. Lcmdon 1881, The Society. 

Mineral<?gical Society. Mineralogical Magazine. Vol. TV. No. 19- 
8VO. London 1880. List of Members, 1881, The Society. 
Royal Agricultural Society. Journal. 2nd Series. Vol. XVII. 

Part 1. 8vo. London 1881. The Society. 

Royal Institution. Weekly Evening Meetings, January 21, 
Febru^y 4,11,1881. 8vo. The Institution. 

Royal Microscopical Society. Journal. Series 2. Vol. I.- Part 2, 
8vo. London 1881. ‘ The Society. 

Tictoria Institute. Journal of the Transactions. Vol. XV. 
No. 57. 8vo. Londo^i. The Institute- 
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Zoological Society. Transactions, Vol. XI. Parts 3 and 4. 4to. 
London 1881. Proceedings, 1880. Part 4, 8vo. Tlie Society: 
Manchester:—Geological Society, Transactions. Yol. XYI. Parts 
4 and 5. 8vo. The Society. 

Xewcastle-npon-Tyne :—Chemical Society. Transactions. Yol. Y. 

Part 3. 8vo. The Society. 

Xew York:—American Geographical Socieiy. Bulletin, 1880. 

Xo. 3,1881. Xo. 1. 8 VO. New Yorh 1881. The Society. 
Xijmegen:—^Xederlandsche Botanische Yereeniging. Nederlandsch 
Elrnidkiindig Archief. 2de Serie. Deel 3. Stnk 3. 8vo. 
Nijmegen 1881. The Association. 

Paris:—filcole des Hantes fitudes. Bibliotheqne des Sciences Philo- 
sophiqnes et Bdstoriqnes. Pasc. 41, 43. 8vo. Pans 1880. 
Base. 44. Tome I, Livr. 1. 4to. Paris 1880. The School. 

Societe d’Anthropologie. Tome III. Fasc. 4. 8vo. Paris 1880. 

The Society- 

Societe de Geographic. Bulletin. Jan. 1881. 8vo. Paris 

1881. The Society. 

Penzance:—^Royal Geographical Society of Cornwall. Transactions. 

Yol. X. Part 3. 8vo. Penzance 1881. The Society. 

Philadelphia:—^American Philosophical Society. Proceedings. Yol. 
XYin. Xo. 106. List of the Members. 8vo. The Society. 
Franklin Institute. Journal. 3rd Series. Yol. LXXXI. Xos. 
1-4. 8vo. Philadelphia 1881. The Institute. 

Rome ;—R. Accademia dei Lincei. Transunti. Serie 3. Yol. Y. 
Fasc. 8—10. 4to. Ponia 1881. The Academy. 

R. Comitato Geologico dTtalia. Bollettino. Serie 2. Yol. I. 
Xo. 11 e 12. Yol. II, Xo. 1 e 2. 8vo. Boma 1880-81. 

The Society. 

.St. Louis:—^Academy of Science. Archaeological Section. Contri¬ 
butions to the Archaeology of Missouri. Part 1. Pottery. 
4to. Salem, Mass, 1880. The Academy. 

Trieste:—Societa Adriatica di Scienze Xaturali. Bolletino. Yol. 

YI. Xo. 1. 8vo. Trieste 1881. The Society. 

Tuinn:—R. Accademia deUe Scienze. Atti. Yol. XYI. Disp. 

1—3. 8vo. Torino 1880-81. The Academy. 

Utrecht:—Xederlandsch Meteorologisch Instituut. Meteorolo- 
gisch Jaarboek. 1870, Deel 2; 1871, Deel 2; 1872, Deel 2; 
1873, Deel 2; 1874; 1875, Deell; 1876, Deel 1; 1877, Deel 
1. Oblong. Utrecht 1871-78. The Institute. 

Provinciaal Utrechtsch Genootschap. Yeislag van het Yerhandelde 
in de Algemeene Yergadering 1879, 1880. 8vo. Utrecht 
1879-80. Aanteekeningen van het Yerhandelde in de Sectie- 
Yerganderingen 1879. Registers op de Aanteekeningen, &c.. 
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1845^1878. ITaamlijst der Leden 1880. 8yo. Utrecht 1879-80. 
Het Klooster te Windesheim. Deel III. 8to. Utrecht 1880. 
De Polybii Pontibns et Anctoritate. 8vo. Utrecht 1879. Het 
Leven en de Verdiensten van Petms Camper. 4to. Utrecht 
1880. The Society. 


Journals.. 

American Journal of Otology. Vol. III. Ho. 1. 8vo. New Yorh 
5881. The Editors. 

Annales des Fonts et Ohaussees. January 1881. 8vo. Paris. 

The Department. 

Dentists’ Eegister, 1881. 8vo. London. The Eegistrar. 

Jornal de Sciencias Mathematicas e Astronomicas. Yols. I, II. 

8vo. Coimbra 1878,1880. The Editor, 

Medical Eegister, 1881. 8vo. London. The Eegistrar. 

Scientific Eoll. Part 1. No. 2. 8vo. London 1881. 

The Conductor. 

Scottish Naturalist. Nos. 41-4^. 8vo. Bdinbiirgh. The Editor. 
Zoological Record. Yol. XYI (1879). 8vo. London 1881. 

_ The Association. 

Zoologischer Garten. Jahrg. XXI. Nos. 7-12. 8vo. Franhfmi- 
a-M. 1880. Die Neue Zoologische GeseUschaft. 


Anonymous. The Medical Embassy to England; being a Eeport of 
the trial Bailliere v. Beaney in the Supreme Court, Melbourne.. 
8vo. Melbourne 1880. 

Balsamo (Salvadore) Dei Yini. Metodi Popolari per svelarne le 
falsificazioni 8vo. Naipoli 1880. The Author. 

Battaglia-Eizzo (Francesco) Pochi Cenni intomo ad un nuovo Fossile 
rinyenuto nelF ex Gastello Termini-Imerese. 4to. The Author. 

Dee (John Edward) Note-book of an Amateur Geologist. Svo.* 

„ Antlior’ 

MeC(»h (Jolin), M.D. Qrand Tonrs in Many Lands. 12ino. Londo^t, 

TEe Author. 


Engraved Portrait of Sir John Lubbock, Bart., F.E.S. 

Messrs. Beynon and Company, 
^hree Lamj^ for Microscopic Demonstration. Prof. Klein, F.E.S- 
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Berlin:—K. P. Akademie der Wissenscliaften. Monatsbericlit.. 
September—^December, 1880. 8vo. Berlin 1881. 

The Academy. 

Brussels:—^Academic Royale de Medecine. Bulletin. 3e Sene. 
Tome Xiy. Xos. 7-11. Tome XV. Xos. 1-3. 8vo. Bruxelles 
1880-81. Memoires Oouronnes. Tome VI. Ease. 1, 2. 8vc). 
Bruxelles 1880, Tbe Academy. 

Academie Royale des Sciences. Bulletin. 49e annee. 2e Serie. 
Tome XLIX. Xos. 4-11. 50e annee. 3e Serie. Tome I. Xos. 
1, 2. 8vo, Bruxelles 1880-81. Annuaire, 1881. 12mo. Bmxeller 
1881. Tbe Academy. 

Huddersfield:—Yorkshire Xaturalists’ Union. The Naturalist. 

Vol. YI. Nos. 68-70. 8vo. Huddersjield 1881. The Union. 
Kharkoff:—Imperial University. Mathematical Society. Com¬ 
munications and Sessional Proceedings, 1879; 1880, Part 1. 
8vo. Kharhov 1880. The Society. 

Kolqzsvar:—Erdelyi Muzeum-egylet [Society of the Transylvanian 
Museum]. Erdelyi Muzeum. fivfolyam I—^V, YI sz. 1-7. 
YII,sz. 1, 3, 7, 9,10. YIII,sz. 1-4. 8vo. 1874-81. Evkonyvei 
Annals] Kotet I, II. 8vo. Kolozsvdr 1874-78. The Society. 
Orvos-termeszettudomanyi taiaulat [Society of Medical and 
Natural Science], firtesito [Intelligencer], fivfolyam lY, Y^ 
YI. 1 (fuzet 1), 2 (fiizet 1). 8vo. Eolozsvdrt 1879-81. 

The Society. 

London:—National Association for the Promotion of Social Science. 
Sessional Proceedings. Yol. XIY. No. 3. 8vo. Loiidmi 1881. 

The Association. 

Paris:—Ecole Normals Superieure. Annales. 2e Serie. Tome X. 

No. 5. 4to. Paris 1881. The School. 

Pesth:—Magyar Tudomanyos Akademia. Evkonyvei [Annals] 
Xotet XI. Darab. 2. 4to. Pesten 1864. The Academy. 

St. Petersburg :—Academie Imperiale des Sciences. Bulletin. Tome 
XXYII.‘No. 2. 4to. 8i. Petershmtrg The Academy. 

Imperial University:—Russian Physico-Chemical Society. Jour¬ 
nal. Tome Xin. Nos. 1, 2. 8vo. Bt. Petersburg 1881. 

The Society. 

Sydney:—Royal Society of New South Wales. Journal and Pro¬ 
ceedings. Yol. XIII. 8vo. Sydney 1880. The Society.. 

Venice:—^Ateneo Yeneto. Atti. Serie 8. Yol. I. Puntata 4;. 
Yol. n; Yol. III. Puntata 1, 2. 8vo. Yen&iia 1878-80. 

The Society. 
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Vienna:—Anthropologisclie Gresellscliaft. Mittheilnngen. Band X. 
Xr. 8-9. 8vo. Wien 1880. Tlie Society. 

K. Aiademie der Wissenscliaften. Anzeiger. Math.-Nat. Classe. 

1880, Xos. 11-28; 1881, Xos. 1-10. Tlie Academy. 

K. K. Geologisclie Reiclisanstalt. Jakrbacli. Band XIII. Xo. 4. 
Verhandlnngen, 1880. Xos. 12—18. 8vo. Wien 1880. Abhand- 
liingen. Band XII. Heft 2. 4to. Wien 1880. 

The Institution. 

K. K. Zoologisch-botanische Gesellschaffc. Verhandlnngen. Band 
XXX. 8vo. Wienl8Sl. The Society. 

Osterreichische Gresellschaft fiir Meteorologie. Zeitschrift. Jnli 
1880 bis Mai 1881. 8vo. Wien 1881. The Society. 

Washington :—Smithsonian Institution. Miscellaneons Collections. 
“James Smithson and his Bequest.” By W. J. Rhees. 8vo. 
Washington 1880. The Institution. 

United States Greological Survey. Bulletin. Vol. VI. Xo. 1. 
8vo. Washington 1881. The Survey. 

Wellington:—Colonial Museum. Meteorological Report, 1880. 
8vo. Wellington 1881. Studies in Biology for Xew Zealand 
Students. Xo. 1. 8vo. Wellington 1881. The Museum. 

Yokohama:—Asiatic Society of Japan. Transactions. Vol. VIII. 
Parts 2-4. Vol. IX. Part 1. 8vo. Yokohama 1880-81. 

The Society. 


Observations and Reports. 

Brussels: —Commission de la Carte Greologique. Leve Greologique. 
Petdlie XXXII. Lubbeek. Single Sheet. Texte Explicatif. 
8vo. JBi^uxelles 1881. The Survey. 

Burma (British) :—Public Works Department. Maps relating to 
the Irrawaddy River. Sixteen Sheets. The Department. 
Calcutta:—^Meteorological Office. Report on the Meteorology of 
India in 1878. 4to. Galcutta 1880. Report on the Adminis¬ 
tration of the Meteorological Department in 1879-80. 4to. 
Meteorological Observations recorded at six Stations in India, 
1879, 1880 (January to March). 4to. Galcutta 1881. 

The India Office. 

Canada: Geological Survey. Geological Map of a portion of the 
Southern Interior of British Columbia. Single sheet. Mon¬ 
treal. Xote on the same by G. M. Dawson. 8vo. [1880.] 

The Survey. 

CronstadtCompass Observatory. Morskoi Sbomik, 1881. Xos. 
land 2. 8vo, Bt. Petersburg 1881. The Observatory. 
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•Observations, &c. (contimied). 

Kiel : — Kommission znr wissenscbaftlicben Untersucliiing der 
dents cben Meere. Ergebnisse der Beobacbtnngsstationen an 
den dentscken Kiisten. Jakrg, 1880. Oblong. Berlin 1881. 
Gemeinfassliche Mittheilungen ans den TJntersuchnngen der 
Kommission. 8vo. Kiel 1880. The Commission. 


]>fiison (L. S.) Geometry as a Science. 8vo. The Author. 

I’ievez (Ch.) Reoherches snr le Spectre dn Magnesium. Svo. 
Bruxelles 1880. The Author. 

Gray (Peter) Tables for the Eormation of Logarithms and A.nti- 
logarithms to twelve places. Svo. Londmi 1865. The Author. 

Jtdivalt (—) L’Ontologie on la Science Kouvelle. Cours filemen- 
taire. 12mo. Br^ixelles 1880. The Author. 

]Matton (L. P-) Appendice a la Quadrature du Cercle. Division du 
Oercle en moyenne et extreme raison. Spirales Escargotiques et 
Ovalaires. 4to. Lyon 1881. The Author. 

Highi (A.) Sulla Polarita permanente in versa dell’ Acciaio. Svo. 
[1880.] Altre Esperienze fatte coi Tub! di Crookes. Svo. [1880.] 

The Author. 

Schmidt (Carl) Ohemische Untersuchung der Ackerkrume und des 
Untergrundes aus 8 Or ten der Schwarzerderegion und ihres 
Grenzgebietes. 4to. Borjpat 1880. Chemische Untersuchung 
der Schwarzerden der Gouvemements Ufa und Ssamara. 4to. 
Dor pat 1881- The Author. 

-Schubart (Th.) Description et Kotices sur rinstallation et Tentretien 
des Meteorographes Graveurs de Van Rysselberghe et Schubart. 
Svo. Gand 1880. The Author. 

Sommerbrodt; (Julius) Die reflectorischen Beziehungen zwischen 
Lunge, Herz, und Gefassen. Svo. Berlin 1881. The Author. 

Stone (Ormond) On the Extra-Meridian Determination of Time by 
means of a portable Transit instrument. Svo. CincinnatL 

The Author. 

'Tommasi (Donato) iteponse aune Kote de M. A. Riche sur la Reduc¬ 
tion du Chlorure d’Argent par la Lumiere. Svo. [1880.] Ossi- 
cloruri AUuminici. Osservazioni sull’ AttuaJe Peso Atomico 
deir AUuminio. Svo. Fireme 1880. Richerche intomo alia 
formazione dell’ Idrato Eenico. Svo. Torino 1880. Sopra una 
nuova Modificazione Isomera del Triidrato AUuminico, Svo. 
Torim 1880. The Author. 

TraSord (P. W. C.) Souvenir de I’Amphiorama ou la Yue du Monde 
pendant son passage dans une Comete. 8vo- Zurich 1880. 

The Author. 
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Tronyet (Charles) Pronostic Sericole dn 15 Mars, 1880, pour la 
Syrie. 8vo. Beyrouth (Syrie) 1880. The Author. 

Wolf (H.) Geologisehe Gruben-Eevier-Karte des Kohlenbeckens von 
Teplitz-Dux-Brux im Kordwestlichen Bohmen. Polio. Wien 
1880. Begleitworte. 8vo. Wien 1880. The Author. 


“ On the Absorption Spectra of Cobalt Salts/’ By William J. 
Eussell, Ph.D., F.E.S., Treas. C.S., Lecturer on Chemistry 
at the Medical School, St. Bartholomews Hospital. Ee- 
ceived August 4. Eead November 18, 1880. 

The following investigation was commenced at the suggestion, and 
indeed in conjunction with, Mr. Lockyer. Other work, however, pre¬ 
vented his continuing with me this research, but I am much indebted 
to him not only for instruction in methods of spectroscopic observa¬ 
tion, but also for important suggestions and much aid in the course of 
the work. 

The more immediate object of the investigation was to examine 
carefully and systematically the absorption spectra produced by certain 
coloured liquids and solids, in order to identify the spectra with the 
substances producing them. If this be folly done, a powerful means 
has been obtained for investigating the changes, be they either 
chemical or physical, which occur more especially in cases of solution. 
Of all coloured substance the cobalt salts seemed most suitable for 
commencing the investigation with, as they give well marked band 
spectra, and are salts well known and easily obtained. 

The following observations were made with a Dasaga’s spectroscope 
having a single heavy glass prism, and, as a rule, it did not seem 
advisable to use higher dispersive power. The positions of the bands 
are given in wave-lengths of millionths of a metre, obtained from the 
iil^ervations by graphical interpolation. 

Cobalt chloride was the salt first examined; the absorption spectra 
produced by it when pure and dry were carefully ascertained, and then 
the changes occurring in the spectrum when it was acted on by water 
and by other substances. First, with regard to the pure cobalt chlo¬ 
ride (CoClg). A specimen of the pure salt was fused out of contact 
with the air in a glass tube. Another specimen of this salt was 
obtained by dussolving pure cobalt in hydrochloric acid, fusing it in 
an atmosphere of that gas, and sealing it up in a glass tube to exclude 
mmsture. Fig. 1 repr^ents the absorption spectrum which was 
obtemed in both cases. When in place of pure the commercial salt 
was used, when the salt was formed by the action of chlorine on the 
jpelal, when the ordinary hydrated cobalt chloride was dried and fused 
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in hydrocliloric acid gas, when in place of hydrochloric acid, an atmo¬ 
sphere of carbon dioxide was nsed; in all these cases the absorption 
spectrum remained precisely the same : these experiments then show 
that the above is the visible spectrum belonging to the true cobalt 
chloride when in a fused state. The chloride fuses at so high a tem¬ 
perature that the glass becomes red hot, and it has consequently not 
heen found possible to observe the absorption spectrum of the chloride 
when in a liquid state. 

One point further: this spectrum is not in any way due to the 
action of the fused chloride on the glass tube, for water entirely dis¬ 
solves the salt, leaving the glass colourless. 

Whether in fig. 1 both bands are due to the same substance, and 
whether the small absorption at ihe red end of the spectrum is acci¬ 
dental or not, cannot be discussed at present. 

If bromide of cobalt be treated in a like manner to the chloride, it 
yields a very interesting spectrum (shown in fig. 2), for on comparing 
it with the chloride spectrum a strong similarity between them is at 
once seen; but the bands of the bromide corresponding to those of the 
chloride have approached the red end of the spectrum, the most re¬ 
frangible band more than the other one. Owing to the opacity and 
the ease with which the iodide of cobalt decomposes, its absorption 
spectrum cannot be obtained in the same way. 

The strong power which the cobalt chloride has of Combining with 
water, and the change of colour and of spectrum which it undergoes, 
is well known. The alteration thus brought about in the absorption 
spectrum will be discussed further on; but it should here be stated 
that simply on drying the moist chloride without fusing it, a spectrum 
is obtainable similar to that from the fused salt. The dehydration of 
the ordinary crystallised chloride can be effected even at a oompara-* 
tively low temperature; if the heat be continued for a considerable 
length of time, a temperature of 150® if continued for 4|- hours 
renders the salt dry. It is not easy to see the absorption spectrum of 
the powder thus fopned; the plan found to answer best is to have the 
salt in a fine state of division, suspend it in melted paraffin, and then 
when cold qut slices of the paraffin of proper thickness. 

Assuming, then, that the above is the true spectrum of the solid 
cobalt chloride, the next point was to study spectroscopically the 
changes it underwent when acted on by different substance, or even 
when merely its physical state was altered. 

The action of water on the chloride is complicated, and it is better 
to consider first the simpler case of the chloride fused with potassic 
chloride. When these two substances are mixed, especially if mixed 
in atomic proportioiis, the whole mass fuses at a considerably lower 
temperature than either ralt alone; it forms a greenish-blue 
and eveu when fused for some length of ime in air it undeigoes no 
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decomposition. On examining tins fused mixture it is found to give 
an absorption spectrum (shown .at fig. 3) quite different from that 
given by the chloride alone. On varying the proportions of the two 
salts, even taking as much as twenty molecules of the potassium salt 
to one of the cobalt salt, still the spectrum remains the same ; in fact, 
if only a trace of the fused or hydrated cobalt chloride be added to 
potassium chloride, the fused mass gives this same spectrum. On 
increasing the thickness of the layer of salt examined or the amount 
of cobalt present in a layer of constant thickness, the absorption 
extends between the bands, and quickly reaches 600. ITow, when the 
absorption has reached thus far, a faint band from 540 to 535 becomes 
visible, a band agreeing in position and character with the one pro¬ 
duced by the pure chloride; increase the absorption still more, both 
sides close in, leaving only a band of light from 580 to 550. On 
making a similar experiment with the bromide of cobalt, fusing it with 
potassium bromide, an absorption spectrum is obtained (given at 
fig. 4), and if the iodide of cobalt and potassium iodide be fused to¬ 
gether, a spectrum (shown at fig. 5) is obtained; the first two spectra 
are strikingly alike. In the above order the absorption bands are 
nearer and nearer to the red end of the spectrum, and only one hand 
of the iodide is clearly visible, still one cannot but suspect the existence 
of the others, although not visible. With a considerable thickness of 
the bromide a band from 573 to 558 is very visible, the analogy of the 
532 band in the chloride. Fluoride of cobalt (for a specimen of which 
I have to thank Dr. Gore), neither alone nor with potassium fluoride, 
gave any visible absorption bands. 

In place of potassium chloride, sodium chloride, ammonium chlo¬ 
ride, zinc chloride were used; they all, when cold, gave the same 
absorption spectrum, but with this peculiarity, that the exact position 
of the two bands between about 600 and 625 varied with each salt to 
a small extent. With the potassium chloride the bands were nearest 
to the red, and with the zinc chloride nearest to the blue. 

The distance between these two bands appears to remain nearly if 
not quite constant. With regard to the absorption w'hich extends 
from 650 to 700, if only a thin layer of the salt be used, it will be 
clearly seen that it is resolvable into a dark band from 696 to 675, and 
a fainter band at 656 (figs. 3 and 6). The action of heat on these 
bodies is curious and interesting, the absorption at the red end of the 
spectrum is intensified, the bands disappear in a mass of dark absorp¬ 
tion, and with regard to the two bands in the orange they gradually 
merge into a single band; and on still farther increasing the h^t 
(but at a temperature still considerably below the fusing point of the 
mixture) the band at 625 disappears, and there is a broad band beginning 
sharply abont 620, and extending nearly up to 600, On cooling, pre¬ 
cisely the same changes are gone through in reverse order. On re- 
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peating the espeximeiits over and f over again, and continuing the 
heating for a long time, there is always the same result, the return on 
cooling to the original spectrum. 

From the change in the fusing point of the mixture, from the per¬ 
manence of the cobalt chloride when the mixture is fused in the air, 
and from the change of colour,, it seems natural to conclude that 
chemical combination takes place between the chlorides, and that the 
new spectrum pertains to the double chloride then formed. Experi¬ 
ments, to be described further on, will show, however, that this sup¬ 
position is not correct; for this spectrum (fig. 3) is easily obtainable 
without the presence of any alkaline chloride, and that it is produced, 
in fact, in all cases when the cobalt chloride dissolves in any menstruum, 
without chemically combining with it, to form a new and definite 
compound. At ordinary temperatures then, at all events, the two 
chlorides in the above mixture are not chemically combined, but the 
cobalt salt is simply dissolved in the potassium or other chloride. 

If these mixtures be dissolved in water, on evaporation the two 
salts separate out perfectly distinct, the potassium chloride often even 
without colour. Zinc chloride gives a different reaction from the 
alkaline chlorides, for when.mixed in certain proportions this spectrum 
is no longer visible. On evaporating an aqueous solution of these 
two salts, a new compound, a double salt having the .composition 
CoCl^ZnCI^-hCHgO, crystallises out. This double salt produces no 
visiHe banded spectrum, cousequently as long as sufficient zinc chlo¬ 
ride is present to combine with the cobalt chloride, no spectrum is 
visible; but when even a trace of cobalt beyond this amount is 
present the banded spectrum (fig. 8) is visible. 

Some interesting applications of these changes have been made and 
will form a separate communication. 

The visible spectroscopic changes which occur when these mixed 
chlorides are heated, are as above described, viz., a new spectrum is 
produced, as if chemical combinatiou occurred, and on cooling the 
i^etum of original spectrum. This seems to indicate that the action of 
heat is to produce change of a physical rather than of a chemical 
nature; that a dissociation of a cobalt salt into a simpler molecular 
form occurred rather than the formation of a new chemical compound, 
which always dea>mposed as the temperature fell. With zinc chloride, 
however, the action of heat is different and easily explainable, for a 
mixture of cobalt and zinc chlorides, which at ordinary temperature 
gives no bands, on being heated shows very clearly this same band 
spectrum of cobalt chloride. In this case heat breaks up the double 
salts existing at ordinary temperatures, and gives the spectrum of the 
!&ree chloride. If calcium chloride be used in place of potassium 
ehlor^, then a much higher temperature is required to fuse the 
wixfcare, andl it is far more opaque and difficult to examine. There 
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is, howiever, this point of interest abont it, that it gives the spectrum 
of the simple fused chloride j this may arise either from some dry 
chloride having escaped the action of the calcium chloride, or what 
seems more probable, that it arises from the action of the high tem¬ 
perature on the cobalt. 

There are a few liquids which appear to dissolve the anhydrous 
cobalt chloride without combining with it, and it was of much 
interest to see what spectra they would give. The liquids ex¬ 
perimented with were hydrochloric acid, methylic, ethylic, and 
amylic alcohols, the saline ethers, amylene, glycerine, and glacial 
acetic acid. 

First, with regard to the action of the ordinary strong hydro¬ 
chloric acid. As is well known, cobalt chloride dissolves readily in 
this acid, yielding an intensely blue solution. The spectrum which 
this liquid gives is shown at fig. 6, and it will at once be seen to be 
similar to the spectrum obtained from the fused chloride (fig. 3), 
the two bands in the orange now being a little nearer the blue. The 
similarity of these two spectra is remarkably complete, for on 
increasing gradually the thickness of the solution the bands in the 
red are gradually hidden, and when the absorption has crept up to 
600, then a band at 540 to 525 becomes visible. The spectrum is 
remarkable for its permanence, if the solution be either weak or 
strong, hot or cold, the spectrum remains unchanged. This agrees 
with what one would naturally expect, that, under these circum¬ 
stances, the cobalt remains as chloride. Moreover, from the similarity 
of this spectrum with that obtained with the fused chlorides, the 
inevitable conclusion is that the cobalt is in the same state in both 
cases. 

This spectrum of cobalt chloride is very characteristic in its 
appearance and very easily produced; without special care and with a 
common spectroscope *0005 grm. of cobalt chloride can easily be 
detected, and even the presence of other coloured chlorides does not 
interfere with it; for instance, even the presence of iron, nickel, 
chromium, manganese, does not hide the characteristic appearance 
produced even by the above small amount of cobalt chloride. 

Supposing the 532 band be produced by a specific compound, it 
seemed likely that at least a rough estimate of the amount of that 
body, present under different circumstances, might be judged, by 
bringing always the absorption in the red up to the same point and 
comparing then the intensity of this 532 band; practically, however, 
this did not lead to results of any value. 

It is, however, important to note that the spectrum of the fused 
chloride is never seen without the 532 band; and that in the other 
two cases already described, this band is only visible when a con¬ 
siderable amount of the cobalt salt is present. It seemed, therefore, 
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possible that since the amount of the 532 producing body appeared, 
Judging very roughly by the eye to diminish on dissolving the solid 
chloride in hydrochloric acid, that in an excessively dilute hydro¬ 
chloric acid solution this substance might be destroyed and the band 
have disappeared. Experiments, however, did not confirm this, for 
when a solution so dilute that it required 6 feet of the liquid to bring 
the absorption up to 600, the 532 band was just as visible as in a 
strong solution. To sum up, with regard to this spectrum it is 
remarkably persistent; strengthen the solution or increase the length 
of the column looked through, or raise the temperature of a dilute 
solution, and the effect is the same; first, the shaded part up nearly to 
650 becomes uniformly dark, then the absorption closes in as far as 
the 610 band, and the absorption creeps on up to 600; immediately 
after reaching this point the 532 band becomes visible. 

Still further increase the absorption and a shadow is seen extending 
from the 532 band towards the red to 560. And lastly, with the 
strongest solution that can be looked through, there is still discernible 
a broad black band from 550 to 520, and the absorption from the red 
end reaches now to 565, and it is remarkable that in the ultra-red, 
where at first there was complete absorption, now light is transmitted. 
At the blue end considerable absorption occurs, no light being visible 
beyon<h480. 

Ethylic, methylic, and amylic alcohols, the saline ethers, and 
glycerine all dissolve cobalt chloride freely, and on being saturated 
with anhydrous chloride of cobalt give this same spectrum (fig. 3). 
These liquids must, of course, be free from water, or the true spectra 
are complicated by the spectra of the hydrates. 

When ordinary alcohol is the solvent, a very large amount of the 
chloride is taken up and a mere film of the liquid on a microscopic 
slide is quite sufficient to give clearly the characteristic spectrum 

(%. , 

With amylic or methylic alcohol no appreciable alteration in the 
position of the bands takes place; but, with glycerine, both the bands 
have moved slightly towards the red. 

That solvents so different as the above should all give the same 
spectrum with the cobalt chloride seems only to he explainable on the 
view that the spectrum so formed is that of the chloride itself, and 
not that of any new combination, in fact, that the solvent has so far 
altered the molecular structure of this salt that in place of its giving 
the spectrum (fig. 1) which it does when alone and solid, it gives this 
second spectrum (fig. 3); and further, it seems, whether the chloride be 
in the liquid or solid state, whether dissolved in alcohol or in a solid 
alkaline chloride, the spectrum is practically the same. 

Although not probable, at the same time it seemed possible, that the 
identily of th^ different spectra might be due to a trace of water in 
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each of tlie solvents, and that this handed spectrum was really that 
of a hydrate, and not of the chloride. To settle this point the follow¬ 
ing experiments were ^carefally carried out: Some of the mixed 
chloride of cobalt and potassium was dried and fused in a glass tube 
in a slow current of very thoroughly-dried carbon dioxide, in the first 
instance for twenty minutes; it was then allowed to cool and was 
spectroscopically examined, and found to be quite unchanged; again 
the heating and the slow passage of dry gas was continued for forty 
minutes, and afterwards for two hours, but in no case was the least 
change apparent, the spectrum-giving substance was evidently as 
abundant after all the heating as before, and no trace of any other 
spectrum was .visible. The experiment was also made of fusing 
separately in different parts of same tube, filled with diy carbon 
dioxide, the cobalt chloride, and potassium chloride, and, after they had 
been in a state of fusion for some time, allowing them partially to 
mix, and sealing up the tube; where the two had come into contact 
this spectrum was visible and nowhere else. The hydrochloric acid 
solution of the cobalt chloride in one respect, however, is different 
from any of the other solutions, for, as before mentioned, only one 
spectrum is obtainable from it, whereas with the other solvents, the 
spectrum varies with the amount of chloride in the solution. Thus 
a very dilute alcoholic solution gives a spectrum (fig, 7) evidently 
different from the former one given by the saturated solution. To 
obtain clearly this second spectrum dry alcohol must be used, and 
should contain about 0’008 grm. of cobalt chloride in 100 cub. centims. 
of the alcohol; this amount of the cobalt salt gives only a faint purple 
colour to the alcohol, and requires a solution of about 2^ inches in depth 
to show the spectrum. If the strength of the solution be gradually 
increased so that it becomes of a strong blue colour, and contains 
about 20 grms. of the chloride in 100 cub. centims. of alcohol, and 
requiring for observation only about one-eighth of an inch thickness 
of the solution, a third spectrum (fig. 8) is obtained. This, however, 
appears in part to be a compound spectrum, formed by the presence 
in the solution of the bodies which produce the former spectra. In¬ 
dications of two bands, 610 and 625, for instance, are visible, but 
what is characteristic of this spectrum, and does not occur when the 
solution is very strong or very weak, is the band at 585. In order to 
determine whether any other changes would occur when the solution 
was still more dilute, some of it requiring a depth of 2 inches to show 
the spectrum was diluted to such an extent that 6 feet of the liquid 
was required. This great dilution produced no change whatever in 
the spectrum. Other liquids, such as dry amylic alcohol or amylic 
acetate, which readily dissolve cobalt chloride, give spectra cor* 
responding to those given by ethylic alcohol- With methylic alcohol, 
however, the first or most dilute stage was not obtained, but this 
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evidently arose from a trace of water adhering most persistently to 
the alcohol. If liquids be used in which the cobalt chloride is not so 
soluble, dry acetic acid for instance, it will be found that only two 
spectra are produceable, corresponding to those in the more dilute 
alcoholic solutions; and with a liquid in which the cobalt chloride is 
still less soluble, such as dry ether, there is only one spectrum 
obtainable. And lastly, with such a liquid as tetrachloride of carbon 
or benzol, in which the cobalt chloride is absolutely insoluble, the 
spectrum, which is faintly visible when the liquid and the salt, in a 
fine state of division, are shaken up together, is that of the pure fused ‘ 
chloride. The action of heat on these solutions is two-fold : first, it 
increases the amount of colour; this arises, no doubt, to a considerable 
extent, if not altogether, from an absolute increase of the amount of 
anhydrous cobalt chloride present, for if a mere trace of water be 
present, on adding the blue cobalt salt the first action is for it to com¬ 
bine with the water, and to produce a pink and comparatively colour¬ 
less solution; this hydrate, as will be shown further on, is decomposed 
on rise of temperature, giving the blue chloride. The second action 
of heat is to transform the saturated solution spectrum or third 
stage, into the intermediate or second stage, and the intermediate 
one into the first—the one given by most dilute solutions. Again, 
in the spectrum of the third stage, the 532 band is visible, but with 
the alcoholic solution the absorption has to extend nearer to the blue 
to about 575 instead of only 600, as with the hydrochloric acid solu¬ 
tion, before this band becomes visible. This seems to indicate that 
less of the body producing it is present in the alcoholic than in the 
hydrochloric acid solution. 

When water is the solvent for the cobalt chloride, the phenomenon 
is somewhat more complicated, as direct combination occurs and 
hydrates are formed. The colour of the dilute solution, as is well 
known, is pink. If this be examined with the spectroscope no 
sharp bands are visible ; there is, however, very considerable absorp¬ 
tion at the blue end of the spectrum, but with certain concentra¬ 
tion and depth of solution, it is easy to distinguish a wide absorp¬ 
tion band extending from 550 to 485 (fig. 16), and beyond this 
blue rays are comparatively freely transmitted. This band, how¬ 
ever, is never sharply defined, but shades off on both sides; it un¬ 
doubtedly belongs to certain hydrates of the cobalt chloride. To 
study the formation of these hydrates, solutions containing different 
amounts of cobalt chloride were prepared and tested as follows: first, 
a solution containing only 0*1 grm. of cobalt chloride in 100 cub. 
centims. of water was made, and the spectrum it gave was compared 
•with that of a solution containing 100 times as much cobalt chloride. 
These solutions were found to give identical spectra. Again, 
15 inches of a 2^ per cent, solution gave the same spectra as 4^ inches 
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of tlie 10 per cent, solution, and 16 inclies of 1 per cent, solution was 
compared to 1|- incli of 10 per cent, solution. So that in all tliese 
dilute solutions, as far as the spectroscope can tell us, there are the 
same compounds present. With stronger solutions this is not the case; 
for if the solution contains, say, from 20 to 30 grms. in 100 cub. 
centims. of water, and a thin layer of it be compared with a thick 
layer of a more dilute solution, the spectra will be seen to be essen¬ 
tially different. This new spectrum, which proves to be a very in¬ 
teresting one, -is best seen when a saturated or nearly saturated 
solution of cobalt chloride is used (100 cub. centims. at 16° dissolve 
32 grins, of cobalt chloride), then there are two bands—one at 625 
and the other at 610—and an absorption stopping sharply at 652. 
Evidently we have again the spectrum of the dissolved cobalt chloride, 
a spectrum which has already been shown to be perfectly indepen¬ 
dent of water, consequently it appears that the anhydrous cobalt 
chloride is capable of existing in an aqueous solution. 

If a solution saturated at ordinary temperatures with the chloride of 
cobalt be diluted with half its volume of water, the bands at 625 and 
610 disappear ; but if to this solution, or even to one more dilute, any 
substance be added capable of combining with water, such as sul¬ 
phuric acid, calcium chloride, or even ammonium or sodium chloride, 
the bands at 625 and 610 again appear. 

Heat acts on these dilute solutions in the same kind of way. If, for 
iustance, this saturated solution, diluted with half its bulk of water, 
be heated up gradually at 49°, the 625 band first becomes visible, and 
then the 610 band. As the temperature increases the absorption in 
the green diminishes, and at the boiling point yon have a spectrum 
very similar to that obtained by fusing together chloride of cobalt 
and chloride of potassium. 

The reverse action also occurs. A solution giving strongly the 
bands at ordinary temperature ceases to show them when cooled. In 
both cases as the solution returns to its original temperature so does 
the original spectroscopic appearance return. In many eases the 
spectroscopic variations by temperature are very delicate and very 
striking in appearance. Any change tending to break up the hydrates 
seems always to diminish the amount of absorption taking place 
towards the blue end of the spectrum. The well known change of 
colour of strong cobalt solution on heating bears this out. Pass 
hydrochloric acid gas, for instance, into a dilute cobalt solution, and 
the gradual formation, and the chloride spectrum and disappearance of 
the absorption in the green and blue, is well shown. 

In proportion as one compound, the hydrate, ceases to exist, so the 
other, the anhydrous compound, is apparently produced. The ordinaiy 
crystals of chloride of cobalt contain six molecules of water, and they 
give a spectrum shown at fig. 9. There are certain cases in which the 
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Ljdrated crystals and tlieir aqueous solutions give similar spectra; but 
witb cobalt cbloride tbis is not tbe case, tbe hydrate is not the one 
existing in the solution. The readiness with which the pink crystals 
of the hydrated chloride become blue arises from the ease with which 
it parts with water, the blue compound in all cases giving the 
spectrum of the anhydrous chloride. 

There is another band which is generally visible in moderately strong 
aqueous solutions at 658 to 638, and is often well seen with a depth of 
about 3 inches of a 10 per cent, solution. This band, which, from its 
origin and its constant occurrence appeared to belong to all the cobalt 
salts, is really due to the presence of nickel. Cobalt salts which have 
been carefully purified do not give this band, even when very strong 
solutions are used. 

The oxide of cobalt is spectroscopically an interesting body. It 
gives, as is well known, a very characteristic spectrum (fig. 10). 
This is readily obtained by examining the precipitate formed on adding 
an excess of caustic potash or soda to a solution of any cobalt salt. This 
blue precipitate (which is said to be a basic oxide) rapidly loses its 
colour, and the spectrum disappears. The spectrum consists of two 
very strongly marked bands, one about 665 to 638, and the other from 
600 to 585. These are very characteristic of the oxide, for on 
increasing the thickness of absorbing layer, these bands always Join 
together, forming thus a single band, before they increase in other 
directions. Besides these two bands, when the oxide is precipitated hy 
potash or soda, there is always an absorption at the blue, end, begin¬ 
ning at abont 550, and having very mnch the appearance of a band, 
but rendered somewhat indistinct by the general absorption taking 
place in the blue. At the red end of the spectrnm the absorption ends 
at about 675. If ammonia be nsed as tbe precipitant in place of potash 
or soda, then there is clearly no band in this part of the spectrnm 
and no absorption at 540 (fig. 11), This difference between the two 
spectra seems clear and definite, and is of much interest, and the 
obvions deduction is that the two bands at 640 and 585 are produced 
by the oxide, and that the absorption at 540 is produced by a com¬ 
pound of oxide and potash or soda. 

Vogel has pointed out the similarity existing between tbe spectrum 
of the precipitated oxide and that given hy ordinary cobalt glass. The 
spectrum of the glass is seen at fig. 10a, and it will at once be seen 
how nearly this spectrum agrees with that of the oxide precipitated by 
potash or soda; the two bauds are of the same character as before and 
very nearly in the same position, but apparently a little nearer to tbe 
red, and now clearly a third band from 550 to 525 is visible. The 
rnmchmon seems inevitable that the oxide and potash compound which 
exist in the precipitated oxide exist also in the blue glass. Again, 
same spectra can be obtained by another process, and it is easy 
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to prepare a blue liquid which gives au absorption spectrum identical 
with that produced bj a piece of blue glass. 

Winkler showed some years ago that when finely divided metallic 
cobalt, oxide of cobalt, or a salt of cobalt was boOed with caustic 
potash, a blue solution was formed, which he attempted to show con¬ 
tained cobaltate of potash. To the acid forming oxide he at first gave 
the formula O 0 O 5 , and afterwards that of O 0 O 3 . Schultze, however, 
immediately repeated Winkler’s experiments and came to the conclu¬ 
sion that instead of its being a solution of cobaltate of potash, it was 
merely an alkaline solution of cobaltic hydrate. The absorption 
spectrum seems clearly to show that the blue liquid is not a new 
cobaltic salt, but that it contains essentially oxide of cobalt in solution 
and the same potash or soda compound as exists both in the glass and 
in the precipitated oxide. Again, it may further be deduced from the 
similarity of these spectra that the blue precipitate is not a hydrate, 
for it gives the same spectrum as exists in the glass, or at all events 
the water can only be so feebly combined with the oxide as not to alter 
the individuality of the compound. Again, if oxide, or, in fact, any 
ordinary salt of cobalt, be dissolved by fusion in borax, a glass which 
gives the same spectrum as ordinary blue glass is obtained. The posi¬ 
tions of the bands, however, are apparently intermediate in position 
between those in the glass and those in the precipitated oxide; these 
difierences are, however, very small. 

The blue oxide of cpbalt can be made to undergo another change 
which is of much interest. If a solution of cobalt chloride be pre¬ 
cipitated by caustic alkali, taking care to keep the cobalt chloride in 
excess, thus on well agitating the precipitate and solution together, or 
even on slightly boiling them, the precipitate will be found to be of a 
green colour, and to contain, as an integral part, cobalt chloride. 
Evidently an oxychloride has been formed. Fig. 12 gives the 
spectrum produced in this way; it is a mixed spectrum of oxychloride 
and of oxide- The same body may also be obtained if the blue oxide 
be first prepared, drained rapidly and washed and then shaken up in 
a solution of the chloride. The stronger the solution used the more 
chloride attaches itself to the oxide, and apparently one or more 
oxychlorides are formed. If any other salt than the chloride or 
bromide and probably the iodide of cobalt, be used and precipitated 
by a small amount of caustic alkali, no salt corresponding to this oxy¬ 
chloride is formed, but the oxide is at once thrown down. This green 
substance is but very slightly decomposed by cold water and not at all 
by alcohol. A sample of washed blue oxide was divided into three 
portions: one was shaken up with a very dilute solution of cobalt 
chloride, another with a solution made by adding S cub* centims. of a 
saturated solution of chloride to 50 cub. centime, of water, and the 
third portion with a saturated solution of the chloride; the green com- 
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pound formed in eact case was dried out of coni/act witli air, and the 
cMorine it contained determined; the first one contained chlorine 
corresponding to 4‘85 per cent, of cobalt chloride, the second with 
10*94 per cent., and the last with 28*02 per cent, of the cobalt chloride. 
The compound haying the formula 4 C 0 OO 0 CI 3 , would contain 30*40 
of cobalt chloride. Such are chemically the changes which occur. 
Spectroscopically, the changes which the oxide undergoes are shown at 
fi^s. 13, 14, and 15. Fig. 10 being the spectrum of the original blue 
precipitate. 

These changes are, first, the fading of the band at 590, and then 
the disappearance of all absorption on the less refrangible side of 590, 
and ultimately the formation of a dark and well-defined band from 
674 to 665, the faint band from 600 to 596 remaining. This change 
has much the appearance of a diyision of this oxide band into two 
bands of which the most refrangible part from 590 to 580 remains, 
and the less refrangible part from 590 to 600 disappears. It seemed 
possible that with a spectroscope of greater dispersive power to 
separate the 690 band in the oxide into these two bands, but ou trial 
this did not take place. 

This spectmm, fig. 14, of the oxychloride, is in many respects similar 
to the spectrum of second stage of the chloride in alcohol, although 
certainly not identical with it, but in both cases the chloride appears 
to be modified somewhat in the same way. That it is not an oxy¬ 
chloride which is formed in the alcohol solution, seems proved by the 
fact that as previously' pointed ont, this spectrum is formed by dis¬ 
solving the chloiide in acetic acid. 

* Warm water decomposes this green compound, washing out the 
cobalt chloride. This decomposition is very clearly shown in the ab¬ 
sorption spectrum, if, for instance, some of the green compound be 
prepared by precipitation as before described, and a little of it be 
placed on a microscope slide nnder a covering glass, it gives very dis¬ 
tinctly the spectrum shown at fig. 13, Now wash the precipitate on 
a filter with warm water, and then, on taking another sample of it, 
the two hands at 647 and 592 will be distinctly visible, that is, there 
is evidently now oxide present. This oxychloride of cobalt may also 
be formed in small quantities by digesting the precipitated oxide in a 
solution either of nickel or potassium, or other chlorides, for on 
examining the oxide thus treated, the change of the absorption spec- 
timm is distinctly visible. 

- The bromide of cobalt appears to react with the oxide in the same 
way as the chloride. 

Generally the solnble cobalt salts of the oxygen acids do not give 
l^nd spectra, but only a broad absorption shading off on both sides 
and extending from abont 550 to 480 (fig. 16), and a considerable 
Maount of general absorption at the blue end of the spectrum; for 
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instance, the sulphate, nitrate, and acetate all act in this manner. An 
interesting reaction is visible with the cobalt carbonate. It is stated 
in works on chemistry that on adding sodic or potassic carbonate to a 
cohaltons solution it is not the normal carbonate, but a mixture of the 
carbonate and hydrated cobaltous oxide, that is formed,* If now this 
precipitation be made in front of the spectroscope, the changes which 
go on are perfectly visible. On the addition of the alkaline carbonate 
a precipitate forms which gives no bands, but after a very short time, 
perhaps half a minute or less, the bands of the oxide become distinctly 
visible; apparently then it is a pure carbonate which is thrown down, 
but that it rapidly, by the action of the water, undergoes decomposi¬ 
tion, and oxide is formed. 

Under special conditions, however, some of the oxygen salts may 
be made to give band spectra, for instance, on fusing chloride, oxide, 
or phosphate of cobalt with microcosmic salt and allowing it to cool, a 
pinJi-coloured glass is obtained, which gives a spectrum consisting of 
bands with much general absorption. Since all three of these cobalt 
compounds give under these circumstances the same spectrum, it 
apparently leaves little doubt that it is the spectrum of a phosphate of 
cobalt. If this pink bead be heated, it undergoes an interesting change, 
the absorption in the blue entirely disappears, and you get a spectrum 
identical with that of the oxide; for instance, that of an ordinary 
borax or glass bead (fig. 10). As this phosphate glass cools it again 
becomes pink, and the banded spectrum returns; evidently the phos¬ 
phate is dissociated, recombination taking place as the temperature 
falls. When sodic phosphate is added to a cobaltous solution, a 
precipitate is formed which is soluble in excess of the cobalt salt; on 
continuing the addition of the phosphate, first a permanent pink 
precipitate is obtained, and afterwards when the phosphate is in excess 
the precipitate is of a blue colour. If the cobalt salt be added to the 
disodic phosphate, the blue precipitate forms at once. Kow, on 
examining this blue precipitate spectroscopically, it is at once evident 
that oxide of cobalt must be present, for there is exactly the same 
spectrum as is given by the precipitate formed on adding caustic 
alkali to a solution of cobalt. The pink precipitate gives a faint band 
about 590, but the bands seen in the fused phosphate were not visible 
in the precipitate. 

The foregoing account of these different spectra is but very imper¬ 
fect ; many most interesting questions with regard to the nature and 
meaning of the spectra have to be left for the present unsolved for 
want of sufficient data. Further experiments with other compounds 
are required, and above all it would be of the highest interest ti> 
investigate fully the parts of the spectrum not visible to the eye; 


* Miller’s “ Chemistiy,” p. 536. 
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evidently witk tiie cobalt salts many, and it may be the most important, 
bands lie in the nltra-red. All the above spectra and many more have 
been drawn from direct and repeated observations, but obviously it is 
not intended fo claim any originality for them; many have been 
described before. 

My best thanks are due to my assistant, Mr. W. Lapraik, for the help 
he has given me in carrying out these investigations, which have 
extended over a considerable length of time. 


On the Female Organs and Placentation’ of the Racoon (Pro- 
cifon loior)J" By M. Watson, M.D., Professor of Anatomy, 
Owens College, Manchester. Communicated by Professor 
Hu:sxet, Sec. R.S. Received December 30, 1880. Read 
January 20, 1881. 

[Plates 3—6.] 

Of late years our knowledge concerning the form and structure of 
the placenta, as well as of the arrangement of the foetal membranes 
in various species of mammals has been much extended through the 
researches of Milne-Edwards, Ercolani, Turner, and others. The 
observations of these anatomists have not been confined to the 
placentation of any one group, but exteud to that of species belonging 
to every Mammalian order. A:^ng these orders that of the Carnivora 
has received a not inconsiderable share of attention, not only from 
the observers jnst named, but also from those among whom may be 
mentioned the names of Daubenton, Yon Baer, Bischoff, and others 
who appeared earlier in the field. Among the members of the 
fissiped group of Carnivora, the placenta or foetal, membranes, or 
both, have been described in the marten (Maries domestica),* stone 
marten (Mustela foina),^ pine marten (Mustela martes )j+ weasel 
(Mustela vulgaris),^ ierret (Mustela furo),\\ bitch (Camsfa7mUa7is'),% 
fox (Ganis vulpes)^** cat (Fells domestica),ff lioness (Felis 
liyasna (^. /),§§ and otter (Lutra vulgaris)^\\\\ whilst among the 

* Buffon's “ Histoire j^Taturelle,” vol. vii, p. 81, PL XS. 

f Bisehoff, Sifezimgsber. Atad. Wissenseh.,” Munchen, Kay 13, 1865. 

X Idem, p. 343. 

§ Idem, p, 343. 

H Buffon’s “ Histoire Xaturelle,” toL vii, p. 105, PL XXYII. 

% BischofT, " Entwickeltmgs-geschichte des Hunde-Eies.” Yon Baer, Entwick- 
elungs-gescliichte der Thiere,” 2ter Theil, p. 238. 

** Turner, ‘‘ Trans. Boy. Soc. Edin.,” vol. sxvii, p. 297. 

ft Turner, “ Lectures on the Comparative Anatomy of the Placenta/* p. 72. 

tt Owen, Anatomy of Yertebrates,” vol. iii, p. 744. 

§§ Ibid., p. 744. 

Bll Biseholf, “ Sitzungsber. Akad. Wissensch.,” Miinchen, March 4,1865, p. 213. 
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pinnipeds we find tliat tlie placentation lias been examined in Flioca 
ritulina,^ Flioca hicolor^f JSaliclioeriis gryplms,%' as well as in two seals, 
the species of whicli were not determined.§ 

It will be observed that in this list, which, so far as I can ascertain, 
contains the names of all the carnivorous mammals the placentation 
of which has been investigated, that of the racoon {Frocyon lotor') 
does not occur. This is the more remarkable, inasmuch as the racoon 
is one of the mammals which most frequently finds a place in our 
collections, and one which apparently thrives well under artificial 
conditions of existence. At the same time, as occurs so frequently in 
the case of wild animals kept in a state of captivity, the gene¬ 
rative functions of the racoon appear almost constantly to remain 
in abeyance. Mr. Bartlett, the skilful superintendent of the 
menagerie of the Zoological Society of London, however, in answer 
to enquiries, informs me that the racoon has occasionally bred in con¬ 
finement, but only after the mother had been in the gardens for 
several years. He adds, moreover, that neither the length of the 
period of gestation nor the condition of the young at birth are known 
to him: In view of the total lack of definite knowledge concerning 
the anatomy of the female organs of Frocyoii in the pregnant state, 
I consider myself extremely fortunate in being able, owing to the 
kindness of the Messrs. Jennison, proprietors of the Bellevue 
Zoological Grardens of this city, to give some account of these organs 
as they occurred in an individual which, in their gardens, had reached 
an advanced stage of pregnancy. 

I shall, in the first place, describe the female organs, and thereafter 
proceed to the consideration of the anatomy of the placenta. 

On opening the abdominal cavity, the distended condition of the 
right cornu uteri showed at once that the animal was pregnant. 

Ovary, —The ovary, rounded in form and somewhat flattened from 
above downwards, measures one-fburth of an inch in diameter. Its 
surface presents a somewhat lobulated appearance, which, however, is 
not due to the presence of corpora lutea, not a trace of these being dis¬ 
tinguishable in the organ of either side. The ovary is situated in close 
proximity to the free extremity of the uterine horn, and is retained in 
position by means of two ligaments. Of these, one, to be more par¬ 
ticularly described presently, attaches it to the posterior surface of 
the diaphragm, whilst the other passes from the inner end of the 
ovary to the free extremity of the corresponding uterine horn. The 
Fallopian tube, moreover, almost encircles it and serves to retain it in 
close relation to the uterus. The ovary is altogether destitute of any 

♦ Barfcow, Zootomisehe Bemerkungen,” Breslau, 1851, 
t Alessandrim, Meckel’s Beutsch. Aiehiv fur Physiologie,” toL t, p. 604, 
t Turner, Trans. Boy. Soc. Bdin.,” vol. srrii, p. 275. 

§ Bosenthal, “ Nova Acta Acad. Caes. Leo. Car.,” vol. xv, 1825. 
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peritoneal poucli or pavilion, sncli as in many animals, e.y., liysena, 
forms an almost complete sac for tlie accommodation of this organ. 

Fallopiaji Tube .—This tube describes a very peculiar course. Its 
abdominal opening, or morsus diaboli, lies in relation to the dorsal 
surface of tbe ovary, and is placed between the inner end of the 
latter and the free extremity of the uterine horn. The opening itself 
is directed upwards toward the spine of the animal, and appears, at 
first sight, to be altogether destitute of fimbriae. Upon closer ex¬ 
amination, however, with the aid of a magnifying glass, a number of 
very minute fimbriae are seen to surround the aperture. These 
fimbriae do not project beyond the margins of the opening, bat 
are concealed within the orifice, and consequently can be of no 
service at the time of ovulation in grasping the ovary and bringing 
the latter into direct relation with the Fallopian tube. Prom the 
morsus diaboli the tube winds forward so as to reach the anterior 
margin of the ovary along winch it passes as far as the outer ex¬ 
tremity of the latter. Here it changes its course, and becoming 
applied to the posterior border of the ovary, extends along it and ter¬ 
minates abruptly in the much wider extremity of the uterine horn. 
The Fallopian tube thus almost encircles the ovary. The tube 
measures three-fourths of an inch in length and one-eighth of an inch 
in diameter. It is of uniform diameter throughout and presents no 
trace of a dilated extremity or so-called infundibulum. 

Exterior of TJieriis^ Vagina^ and Urogenital Ganal .—The uterus con¬ 
sists of a central body and two horns. The left or unimpregnated 
horn was flattened from above downwards, and was strongly curved, 
the convexity of the curve being directed forwards. Measured from 
the middle line of the uterus, its anterior or convex border amounted 
to If inches in length, whilst its breadth, which was almost uniform, 
amounted to half an inch. Its free extremity was rounded and into 
it the Fallopian tube opened abruptly. The right or impregnated 
horn measured inches along its convex margin, whilst its posterior, 
or attached margin, equalled that of the horn of the opposite side. 
It will be observed, therefore, that after impregnation the alteration 
in size of the uterus takes place in respect of the anterior or free 
margin of the impregnated horn, the posterior or attached border of 
the latter rem a ini n g of the same dimensions as that of the opposite 
side. 

The impregnated horn measured 2 inches in greatest breadth and 
presented a somewhat globular form. Subsequent to injection of 
the uterine artery with carmine, numerous extremely tortuous vessels 
could be readily distinguished through its peritoneal investment. 
These vessels, which, npon opening the uterus, were seen for the most 
part to correspond to the place of attachment of the placenta, were 
mostly directed transvei^ely to the long axis of the horn, and extended 
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from tlie attached to the free border of the latter. They anastomosed 
freely with one another and formed a wide arterial meshwork on both 
the upper and lower surfaces of the horn. It was, however, observed 
that none of the vessels of the one surface extended over the anterior 
border of the uterus so as to come into relation with those of the 
other surface, and that, consequently, no anastomosis could be dis¬ 
tinguished between them. It is probable, however, that the failure to 
trace any distinct anastomosis between the vessels of the two surfaces 
of the impregnated horn ought to be attributed to the incomplete 
nature of the injection, as it appears unlikely, in view of the con¬ 
tinuity of the placental substance between these surfaces, that any 
break in the continuity of the vessels of opposite sides really existed. 
The vessels in question were visible over the entire surface of the 
impregnated horn, but were much more thickly distributed in its 
middle third, which corresponds to the placental zone. 

The corpus uteri is not di-fferentiated externally from the vagina, 
the two organs forming a continuous tube. The position of the os 
uteri, however, is clearly defined in the interior of the organ by a 
well-marked valvular fold, to be afterwards described. Taking into 
consideration the position of this fold, the body of the uterus mea¬ 
sures 2| inches in length and half an inch in breadth. It is flattened 
from above downwards, and is attached to the walls of the pelvis by 
means of the broad ligament. This ligament is formed in the usual 
manner of a double fold of peritoneal membrane, which,* after 
covering the whole of the upper surface of the uterus, and even the 
anterior portion of the corresponding surface of the vagina, is 
reflected upon the rectum. The lower surface of the uterus is not 
invested to the same extent by peritoneum, that membrane being 
reflected upon the bladder before reaching the os uteri. The uterus, 
moreover, is retained in position by two additional ligaments, the 
diaphragmatic and the round. The former consists of a stout bundle 
of involuntary muscular fibres, which, passing backwards from the 
diaphragni to free extremity 'of the corresponding uterine horn, 
extends inwards parallel to the posterior border of the latter and is 
inserted into the body of the uterus. The ovary is fixed to the lower 
surface of this ligament, close to the free extremity of the uterine 
horn. The round ligament is also well developed. It is attached by 
one extremity close to the free end of the cornu uteri, and pass^ 
backwards to the inguinal region, where it terminates in the usual 
manner. 

The vagina, from the os uteri to its junction with the urethra, 
measures inches in length. Externally it is not difterentiated from 
either the corpus uteri or the urogenital canal. The latter measures 
2 inches in length. Its external orifice is bounded by two laterally 
pla.eed folds, or labia, which together constitute a conical eminence 
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measuring half an inch in height, upon the summit of 'which the 
external genital orifice is sitnated. 

Bladder and Urethra. —The parts having been immersed for some 
time in spirit, the bladder was to a certain extent contracted. It 
measured when distended inches in length and was of a regularly 
oval form. The ni,uscular coat was extremely thick, the separate 
bundles of muscular fibres being clearly defined beneath the peritoneal 
investment. The latter covered the whole of the upper surface of the 
viscus as far back as the entrance of the ureters, as well as the upper 
portion of its lateral surface. The lower surface of the apex of the 
bladder was also covered by peritoneum, whence that membrane was 
reflected to the anterior abdominal wall. The ureters entered the 
bladder half an inch from the neck, whilst the urethra passed pfi 
from the. posterior extremity of the organ. The urethra measured 
IJ inches in length. It passed backwards, lying in the substance of 
the lower vaginal wall, and opened into the commencement of the 
urogenital canal in the usual manner. 

Interior of TJteriis^ Vagina^ and Urogenital Ganal. —On slitting open 
the left or unimpregnated horn of the uterus, a well-defined septum 
uteri was seen to separate the right and left horns. It measured 
three-quarters of an inch in length, and extended backwards from the 
anterior or free margin of the corpus uteri. It was attached to the 
uterine walls in front, above, and below, whilst posteriorly it pre¬ 
sented a free, concave, sickle-shaped margin which projected into the 
cavity of the uterus. 

The muscular walls of the unimpregnated horn were of great thick¬ 
ness, and its mucous membrane, which was of a dense leathery con¬ 
sistence, was thrown into numerous thick fleshy folds arranged 
parallel to one another and at right angles with the long axis of 
the horn. These folds were present throughout the horn, with the 
exception of a space of half an inch in length next the septum uteri, 
at which place the mucous membrane was perfectly smooth and devoid 
of rngsB. On the left side of the Septum uteri there was a single 
longitudinal fold of mncons membrane which extended from the 
attached to the free margin of the latter. There was no trace of fluid 
in this horn. The transverse airangement of the mucons folds in the 
uterine horn of the racoon seems to he somewhat uncommon, these 
folds in the majority of mammals being longitudinal and not trans¬ 
verse in direction. According to Cn'vier, however, a similar transverse 
arrangement of the mucons rugss is met with in the uterus of the 
civet cat.*^ 

On opening the right or impregnated horn its walls were observed 
to be much thinner than those of the opposite side. This diminution 


♦ Le 9 ons,’* vol. t, p. 149. 
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in thickness involved both the muscular and mncons coats, and 
is doubtless to be attributed to mechanical distention of the horn by 
the contained ovum. The mucous membrane presented no trace of 
the well-defined transverse rugse met with in the horn of the other 
side, and was of a softer and more succulent texture. On careful 
examination, however, this membrane was seen to be thrown into 
numerous very minute tortuous and anastomosing folds, which closely 
resembled those described and figured bj Professor Turner in the 
impregnated uterus of Orca gladiator.^ These folds were more dis¬ 
tinctly marked at the placental site than in other parts of the horn, 
where the mucous membrane was almost smooth. The more minute 
description of the microscopic structure of the uterine mucous mem¬ 
brane, together with the modifications which it undergoes in the 
impregnated horn, will be deferred till after the consideration of the 
ovum and placenta. 

Although the corpus uteri is not distinguishable externally from 
the vagina, yet upon examining the interior of the cavity the position 
of the os uteri is seen to be clearly defined by a well-marked valve¬ 
like projection of the mucous membrane. This valve consists of two 
segments, an anterior and a posterior, which, however, are continuous 
with one another, so that the entire structure presents an annular 
character. The central portion of each segment of the valve measures 
half an inch in breadth, whilst laterally, where it becomes continuous 
with its fellow, each segment diminishes to quarter of an inch in breadth. 
The two segments together form a circular valve attached to the entire 
circumference of the uterus, and prolonged superiorly and inferiorlj 
into two points which project backwards into the lumen of the vagina. 
The mucous membrane of the body of the uterus is thrown into 
slight longitudinal rugse, which commence opposite the free margin 
of the septum uteri, and extend along the whole length of thehrgan. 

The diameter of the vagina, as already mentioned, is the same as 
that of the corpus uteri; and although, therefore, there is no distinct 
line of demarcation between these two portions of the genital appa¬ 
ratus visible externally, an examination of the interior of the organ 
shows that the limits of both are clearly enough defined. In fact, 
the separation of the corpus uteri from the vagina is indicated by 
the annular valve above described as corresponding in position to the 
os uteri; whilst, posteriorly, the vagina is distinguished from the uro¬ 
genital canal by the position of the urethral orifice, as well by a 
slight fringe-like fold of mucous membrane, which is attached to the 
entire circumference of the vaginal canal. The mucous membrane of 
the latter is thrown into slightly marked longitudinal rug® which, 
however, are of larger size than those met with in the body of the 
uterus. 

* Lectures on the CSomparative Anatomy of the Placenta,** p. 45. 
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Tlie calibre of tbe urogenital canal equals that of tbe vagina, the 
separation of the two organs being marked by tbe orifice of the 
urethra and by tbe fringe-like fold of mucous membrane just de¬ 
scribed. Tbe mucous membrane of tbe urogenital canal does not 
differ in character from that of tbe vagina. 

Having now described tbe female organs, I pass to tbe consideration 
of tbe 


Ovum. 

On opening tbe gravid uterine born by means of an incision carried 
along its anterior or convex margin, a single foetus was observed to 
occupy the greater part of tbe cavity. Tbe foetus itself, covered only 
by an epitricbial membrane, was at once in part exposed, from which 
it was evident that before coming into my bands tbe foetal membranes 
bad been ruptured. These membranes, although ruptured, where they 
lay in contact with tbe posterior extremity of the foetus so that the 
latter was in contact with the wall of tbe uterus, retained their relation 
with tbe anterior moiety of tbe embryo; and I was thus enabled to 
make out tbe arrangement of both tbe chorion and allantois. With 
regard to that of tbe amnion there still remains some doubt, but to that 
I shall refer presently. Tbe foetus, curled upon itself, lay with its 
bead directed towards the free extremity of tbe uterine bom, and close 
to tbe opening of tbe fallopian tube, being separated from tbe latter 
merely by tbe intervention of tbe foetal membranes which covered it. 
Tbe left anterior extremity was closely applied to tbe side of the 
chest, whilst that of tbe right side was strongly flexed at tbe elbow- 
joint, so that tbe palmar surface of tbe band rested against tbe side of 
tbe bead. Tbe posterior extremity of tbe foetus touched tbe septum 
uteri, and tbe bind legs, fully extended, stretched backwards towards 
tbe body of tbe organ. Tbe tail, strongly flexed, occupied tbe interval 
between tbe bind legs. The dorsal surface of tbe foetus was accu¬ 
rately adapted to tbe anterior or convex surface of the uterine born, 
whilst tbe ventral surface was directed backwards towards tbe posterior 
or concave margin of tbe latter. 

Tbe position of tbe foetus of Procyon in utero appears to be some¬ 
what unusual. In tbe majority of mammals, according to Milne- 
Edwards,^ tbe bead of tbe foetus usually presents at tbe os uteri ;t 
whilst in Procyon the posterior extremity of the embryo occupied that 
position. 

Tbe foetus was encircled by an annular or zonary placenta which 
corresponded to tbe middle third of tbe uterine born, and measured 

* “ Lemons sur la Physiologie,” vol. ix, p. 591. 

t Turner describes the foetus as cccupying this position in utero in the seal, 
“Trans. Boy. Soc. Edin.vol. xxvii, p. 278 j sloth, ibid., p. 75 j and lemur, “Phil. 
Trans,,” voL 166, p. 574. 
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one and a quarter indies in greatest breadth where it lay in contact 
with the dorsal surface of the fcetns, while opposite the belly of 
the latter the placenta did not exceed half an inch in breadth. 
The placenta had been detached from the nterns, a circumstance 
which I cannot sufficiently regret, as I was thereby prevented from 
observing by means of injection the exact relation which existed be¬ 
tween the maternal and foetal portions of the placenta. Although 
detached from the uterine wall, it was evident that no change had 
taken place in the position of the placenta with reference to either the 
uterus or foetus, and consequently the somewhat exceptional position 
of the latter in utero can in no way be attributed to this circumstance. 
The placenta formed a complete ring, but at the centre of its widest 
part, i.e., opposite the back of the foetus, there was a spot similar to 
that figured by Daubenton* in the placenta of Maries domestica, and 
described by Bischoff in that of Lutra vulgaris.f Musfela folna and 
Mmtela mairtes^% where the substance of the placenta was defi.cient. 
This deficiency involved the entire thickness of the placenta, so that 
a probe could be passed from the uterine to the chorionic surface of 
the organ without injury to its substance. The absence of placental 
substance at this spot is of much interest in view of the observations 
of Bischoffi upon the corresponding arrangement in L^iira, to which I 
shall afterwards refer. To the foetal surface of this portion of the 
placenta the amnion was closely adherent. The entire uterine surface 
of the placenta, with the exception of a band along either margin, 
which measured one-eighth of an inch in breadth, presented a very 
regularly papillated appearance. The marginal bands were perfectly 
smooth and of a lighter colour than the rest of the organ. Subsequent 
examination showed that this smoothness was due to the presence of 
a layer of decidua (refiexa) which concealed the subjacent papillae. 

Chorion ,—I have already remarked that the foetal membranes had 
been ruptured where they lay in contact with the posterior extremity 
of the embryo. In consequence of this I experienced some difficulty 
in the determination of their exact arrangement. With the view of 
completing this with greater exactitude, I removed the entire ovum 
from the uterus, and having carefully extracted the foetus by dividing 
the umbilical cord, as well as the narrowest part of the placenta, I 
placed the latter, together with the foetal membranes, in a vessel con¬ 
taining spirit. By floating out the membranes in this way I obtained 
the view represented in fig. 2. From this drawing it will be observed 
that a membrane which is continuons with each margin of the placenta 
is prolonged outwards from the latter, so as to form a barrel-shaped 
envelope in the interior of which the foetus was contained. This 

* Buffon’s Histoire Katurells,” toL vii, PL XX. 

t “ Sitzungsber. Atad. Wissensch,*’ Munchen, 11 Marz, 18S5. 

t nU,, 13 Mai, 1865. 
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mem^brane, wiiicl) was undoubtedly the chorion, agrees with that 
described in the dog, cat, and other Carnivora, not only as regards its 
form, but in the fact that a few blood-vessels were prolonged outwards 
from its villous or placental portion to ramify in its non-placental area. 
Judging from the extent to which the uninjured pole of the chorion, 
which accommodated the anterior portion of the fcetus, was prolonged 
outwards from the placental ndargin, it did not appear probable that 
any portion of what (with reference to the fcetus) may be termed the 
posterior pole of that membrane, had extended into the non-impreg- 
nated horn of the uterus. This point, however, in view of the 
lacerated state of the membranes, it was manifestly impossible to 
decide in the absence of another and more perfect specimen. At 
the same time it is to be observed that the limitation of the chorionic 
membrane to the impregnated uterine horn in the various species of 
Carnivora previously examined, justifies the conclusion that in Frocyon 
that membrane does not extend into the unimpregnated horn, as 
happens in the case of the Ruminants, Solipeds, and others. 

Allantois .—With regard to the exact arrangement of this membrane, 
owing to the rupture which had taken place, I am by no means 
certain. At the same time I may state that, by means of careful dis¬ 
section, I was able to detect a delicate membrane, which, although 
closely applied to the foetal surface of chorion, could be readily 
detached from the non-placental area of the latter. This membrane, 
which I regard as the allantois, was coextensive with, and formed a 
lining to the uninjured pole of the chorion. At the margin of the 
placenta, the allantois could be traced onwards as a distinct membrane, 
which closely invested the fcetal surface of that organ. Moreover, an 
examination of the shreds of the posterior chorionic pole showed that 
here also the allantois could be detached in a fragmental form from 
the fcetal surface of the former. I feel justified, therefore, in assuming 
that, had the chorion been entire, the allantois would have been found 
to bfe coextensive with and to have borne the same relation to it that 
it bears in other Carnivora. I failed, however, to detect any prolonga¬ 
tion of the allantoic sac along the umbibcal cord, nor did I succeed 
in isolating as a distinct membrane that portion of the allantois which 
invests the outer surface of the amnion. 

Umbilical Yesicie .—Of this structure I could not distinguish the 
slightest trace. Its absence in Procyon is remarkable in view of its 
constant occurrence in other carnivorous mammals. 

Aumiion .—After removal of the foetus from the bag of the chorion, a 
third membrane was exposed, the interpretation of which occasioned 
©onsiderable difficulty because of its peculiar relations to the other 
membranes already described. The appearance of the membrane is 
faithfuBy reproduced in fig. 2. The sac in question, when floated out in 
spirit, presented an appearance not at all unlike the finger of a glove. 
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Its one extremiiy was closed, and was attached to tlie central point of 
placenta, immediately oyer the dorsal surface of the embryo. It will 
be recollected that at this point the placental substance was deficient, 
and to the margin of this deficiency the blind end of the sac in question 
was closely adherent. The caBcal extremity, however, did not project 
through the aperture in the placenta, and consequently did not reach 
the uterine surface of the latter. A careful examination of the blind 
end of this sac showed that its outer surface was clearly continuous 
with that portion of the allantoic membrane which lined the fcetal 
surface of the placenta. Hence we conclude that in Frocyon, as in other 
Carnivora, the reflection of the allantois from the inner surface of the 
chorion to the outer surface of the amnion takes place originally at the 
central point of the placenta, that is, from the margins of the placental 
gap ; and that along with the amnion, although not separable as a 
distinct structure, there is combined the inner or reflected layer of the 
allantois. The other end of the sac was ruptured, and, extending 
backwards (with reference to the embryo), was compressed between the 
dorsal surface of the latter and the inner surface of the caudal pole of 
the chorion. When distended with spirit this sac proved to be of such 
a size that I had no difficulty in replacing the foetus in its interior. 
Although from the ruptured condition and its abnormal position with 
reference to the embryo, the resemblance of this sac to that of the 
amnion was much obscured, I have little doubt that it must be 
regarded as representing the latter. In favour of this view is the fact 
that, unless it be so regarded, there was no other structure the arrange¬ 
ment of which was in any way comparable to that of the amnion; and 
conversely if it were not the amnion, and inasmuch as its relations 
negatived the supposition that it could be the umbilical vesicle, we 
shopdd be compelled to assume that, in Frocyon, we have a foetal mem¬ 
brane of which there is no representative in any other Carnivore, the pla- 
centation of which has been hitherto* described. Moreover, the close 
attachment of the blind extremity of this sac to the margins of the 
central deficiency of the placenta lends additional support to this view. 
Bischoff,* in his account of the placentation of the otter, refers to a 
corresponding deficiency in the placenta of that animal, A similar 
observation is recorded by him in respect of the placenta of Mustda 
f&ina and Mmtela mur^es.f The presence of this gap in the placental 
substance he explains by supposing that the separation of the false 
from the true amnion takes place in these animals at a relatively later 
date than in the majority of mammals; and that, consequently, an 
ol^ruction is thereby occasioned to the investiture, by the vascular 
allantois, of the foetal surface of the chorion, resulting in the deficiency 
in question, in accordance with this view, the placental gap must 

♦ “ SitzungsbeBi der Akad. der Wissenseh.,” Munchen, 4 Mto, 1^5. 

t Ihid., 13 Mai, 1865. 
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of course correspond to the central point of the placenta, inasmuch 
as at this point the separation of the true from the false amnion takes 
place. The close attachroent of the true amnion to this point, as well 
as the fact that the continuity of the allantois over the junction of 
what originally was the false with the true amnion, could be clearly 
traced in Froeijoii, lends additional support to this view; while, at the 
same time, it strengthens the interpretation above given of the mor¬ 
phological significance of the sac in question. 

TJie Metiis. 

Upon removing the foetus from the uterus, the former was seen to be 
completely invested by an opaque membrane of a bluish colour. This 
membrane, to which the name of epitrichium has been given by 
Welcker,* formed, as it were, a second or supernumerary cuticle to 
the foetus, and was closely applied to every part of it. Over the 
greater part of the foetus it lay superficial to and concealed the hair 
with which the embryo was covered. At some places, however, and more 
especially over the inter-scapular region, the forehead, and the outer 
sides of tihe thighs, the free extremities of the subjacent hairs projected 
through this membrane, as did also the large vibrissae surrounding 
the mouth. The membrane was thinner and more closely adherent to 
the head, the distal half of the tail, and to the legs below the knee and 
elbow joints, than elsewhere, and conld not be removed from these 
parts witbont tearing; whereas, from the other parts of the body, where 
the membrane was of greater thickness, it could readily be detached 
as an entire structure. The membrane agreed in all respects with 
the epitrichinm described by Professor Turner in the two-toed sloth 
{Gholwpm except that in the latter, with the exception of 

the tactile vibrissse of the snout, none of the hairs protruded through 
this membrane ; whereas in Frocynn numbers of the hairs of other p^s 
of the body pierced it. As in Gholoepm Eoffmanni, so in Frocyon^ the 
epitrichinm was continuous with the mucous membrane of the ears, 
eyes, month, and anus. An examination of the deeper sm*face of the 
membrane disclosed a punctated and irregular appearance of the latter. 
This was doubtless due to the impact of the growing hairs. A similar 
appeamnce was met with by Professor Turner in the deeper surface of 
the epitrichium of the sloth. Under the action of caustic soda* the 
membrane resolved itself into numerous flattened epithelial scal^, in 
which at times distinct nuclei were visible. These scales differed from 
those described by Professor Turner in the sloth,+ inasmuch as their 
edges were uniformly smooth, and presented no trace of the inter¬ 
locking processes described by that anatomist, 

* “ AbbaudluBgeu der D^atrirforsch, Gbsellscfiafl:,’'^ Halle, Band x, p. 20. 

t Jtoy. Soc. Sdin.i*' vol. xxrii, p 71 

t Mid., p. 71. 
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A supernumerary epidermic covering or epifcricliium is not confined 
to Frocyon. A similar epidermic covering has been described by 
Welcker as investing the fcetus of Brady^us, (JhulcBpus, Myrrjiecophaga^ 
Bicotytes, Bus, and FJqmis, and more recently Professor Turner has 
noted its occurrence in the foetus of Cholcepiis Soffmamii. Welcker 
states that he found no trace of this membrane in the foetus of Felis 
or Ursiis. Its total absence in the latter, and its presence in a well- 
developed form in Frocyon is remarkable, seeing that, in respect of so 
many important structural details, these two genera approach one 
another so closely. Further observations are necessary with regard to 
the distribution of this membrane among the members of the Carni¬ 
vora, and when made will in all probability establish its existence in 
other "genera than Frocyon^ in which alone it has hitherto been 
described,* 

The fcetus, measured along the curve of the back from the tip of the 
nose to the root of the tail, was 4| inches in length, whilst a straight line 
from the most projecting part of the forehead to the root of the tail 
measured 2^ inches. The dorsal region and sides of the body were 
covered with short hairs of a lead-blue colour, while on the forehead, 
lower surface of the neck, and outer sides of the thighs, the hair was of 
a lighter colour. On the ventral surface of the body and inner sides 
of the thighs the hair was not developed to the same extent as else¬ 
where. The nails were pure white and fully formed. The eyes 
were completely closed; and, looking at the comparati\ ely mature con¬ 
dition of the foetus, I am inclined to believe that, in the case of the 
racoon, as in that of some other Carnivora, the young are bom blind. 
The umbilicus was situated three-fourths of an inch in front of the 
anus. 

An umbilical cord, as such, could hardly be said to exist. The 
vessels composing it, after escaping from the belly of the embryo, almost 
at once separated, and applying themselves to the narrowest part of the 
placenta, extended forwards towards the back of the embryo, and, after 
giving off numerous arborescent branches, disappeared by dipping 
into the substance of the organ. 

The vessels composing the cord consisted of two umbilical arteries 
and a single umbilical vein. 

Microsco’pic Anatomy of the Placenta. 

After the placenta had been removed from the uterus, its uterine 
surface was observed to present an appearance totally different from 
that which characterises the corresponding surface of tbat organ in 
either the bitch or cat, both of which I have myself exanodned, or 

* For full details respecting the nature and distribution of the epitrichium the 
reader is referred to the papers already quoted of Welcker and Turner. 
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indeed of that of anj other carnivorous mammal whose placenta 
has been hitherto described. To the naked eye this surface presented 
merely a floeeulent appearance, but when examined with the aid of a 
simple lens, or, still better, with the lower powers of the compound 
microscope (Ross, oc. A, object. 3-inch), this floeeulent appearance 
resolved itself into a vast number of clearly-defined papillae, which 
covered the entire uterine surface of the organ. The appearance 
presented under the microscope is faithfully reproduced in fig. 9. 
'I have said that the papillae covered the entire surface of the placenta; 
but, along each border of the organ, there was a narrow band, slightly 
raised above the level of the surface, where the papillae in question at 
first sight appeared to be absent. Further examination, however, 
proved that the papillm were present here as elsewhere, but that their 
presence was concealed by a superjacent layer of delicate tissue, which 
proved to be of the same structure as the uterine mucous membrane. 
This layer must therefore be regarded as representing the decidua 
reflexa. The papillae, under the microscope, presented an appearance 
closely resembling that of the vilh of the small intestine after a suc¬ 
cessful injection with opaque material, but were of considerably larger 
size. The papillae were mostly club-shaped, the apex of each being of 
greater diameter than the base. Their summits were for the most 
part uniformly rounded, but here and there a papilla could be dis¬ 
tinguished which presented a central depression on its free extremity. 
The separate papillae were uniformly simple, and in no one instance 
did I observe secondary papillae growing out from a primary stalk. I 
have observed that the separate papillae resembled the intestinal villi, 
but the surface of the placenta, as a whole, presented a widely different 
appearance from that of the intestinal mucous membrane. This was 
due to the fact that each papilla was surrounded by a wall of placental 
substance, which, as it were, enclosed a space, in the centre of which 
the papilla was situated, and was thereby completely isolated from its 
neighbours. These walls w'ere quite continuous all over the surface 
of the placenta. They were not so high as the papilla which they., 
surrounded; and, consequently, when the placental surface was viewed 
obliquely, the walls were hidden at places by the papilla, and appeared 
to be absent. More thorongh examination, however, disclosed their 
presence over the entire surface of the placenta. The spaces bounded 
by these walls varied in form. In some places they were square, at 
others five or six-sided, whilst occasionally they were circular, hook- 
ing at the placental snrface as a whole, its appearance was not unlike that 
of a^ honeycomb filled with grubs, the walls corresponding to the 
partitions between the cells, whilst the papillae very fairly represented 
the contained grubs. 

Towards the marginsof the plaoenta the arrangement just described 
undergoes some alteration. In the neighbourhood of the band of 
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decidua refiexa, tlie ridges became irregular, and were no longer dis- 
tinguisbable as continuous structures, but became broken up into 
more or less elongated portions, the free margins o£ wbicb were pro¬ 
vided with papilliform eminences. This gradual dismemberment of 
the continuous ridges could be clearly traced in passing from the 
centre towards the margins of the placenta, inasmuch as the ridges 
which were clearly continuous and regularly arranged, as above de¬ 
scribed, at one part of the placenta, became less and less regular and 
more tortuous at another part. The structure of these ridges, both at 
the central and at the lateral margins of the placenta, is the same, and 
differs widely from that of the papillae, which they enclose. The 
papillae I regard as belonging to the foetal portion of the placenta, 
whilst the maternal portion is constituted by the ridges just described. 
Underneath the marginal band of decidua reflexa, the foetal papillae 
were of smaller size than elsewhere, and were arranged in tranverse 
tortuous rows, which corresponded in breadth to that of the decidual 
band. 

The foetal surface of the placenta, upon removal of the allantois, 
was seen to be divided into numerous minute polygonal areas which 
doubtless represent the so-called cotyledons described in the placenta 
of other Carnivora. 

The placenta of the racoon presents no trace of the greenish 
coloration met with in the margins of that organ, in the case of the 
bitch,* cat,t and fox-f Neither is it provided with any pigment- 
containing sac similar to that described by Bischo'ff in the placenta of 
Lutra^X Maries,§ and 

After removal of the placenta from the uterus, I attempted, by 
means of a pipe inserted into one of the umbilical arteries, to inject 
the foetal vessels. In consequence, however, of the parts having been 
previously immersed in spirit, these were contracted to such an extent 
as entirely to prevent the passage of the injecting fluid. To this 
alienee of injection was due the difficulty which I experienced in 
obtaining a really satisfactory demonstration of the arrangement of 
the placental blood-vessels in general, and more particularly of the 
relation which the maternal vessels bear to those of the foetus. The 
elucidation of this point will only be accomplished by the examination 
of another injected specimen, but in view of the difficulty of obtain¬ 
ing such, I think it advisable meanwhile to communicate the results of 
my observations so far as they go. 

When sections were made of the placenta, and the uterine margins 
of these were carefully examined under the higher powers of the micro- 

* Yon Baer, “ Untersnehtmgen.” 

t Tomer, “ Leetnros on the Comparative Anatomy of the Placenta,” p. 71. 

X “ Sitznngsber. Akad. Wissensch.,” Miinchen, 11 Mans, 1865, p. 218. 

§ Uid., 13 Mai, 1865, p. 339. 
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scope, there was observable a total absence of anything like a clearly- 
defined limitary membrane on the papillary surface. Consequently, 
in sectional views, the papillae were indistinctly isolated from one 
another, although as observed in surface views, the separation was 
clearly enough defined. Here and there, but extremely rarely, an 
isolated columnar epithelial cell was seen to be attached by its narrow 
end to the papiilar surface. Whether the uterine surface of the organ 
had been invested by a continuous layer of these cells, or whether 
those seen had been detached from the uterine mucous mem¬ 
brane, I was unable to decide. In view, however, of the fact that 
the uterine mucous membrane was entirely devoid of such cells, the 
latter supposition appears the more probable. The trenches between 
the papillae, as well as those between the latter and the surrounding 
ridges above described, were, to a considerable extent, filled with 
numerous shreds of decidua, as well as by a quantity of blood cor¬ 
puscles which presented various forms, due doubtless to the action of 
the spirit in which the parts had been preserved. It was particularly 
observed, that no vessel of large size, and presenting the structure 
which I believe to be characteristic of those constituting the foetal 
portion of the placenta, extended beyond the uterine surface of the 
placenta. The marginal band of decidua reflexa presented the same 
structure as that of the mucous membrane of the impregnated uterine 
horn, to be afterwards described. 

The foetal surface of the placenta was clearly defined in sectional 
views by the allantoic membrane. From this membrane numerous 
septa were given ofE at nearly regular intervals, and penetrated the 
substance of the placenta, so as to form, as it were, supports for the 
blood-vessels forming that organ. These placental septa could occa¬ 
sionally be traced as continuous structures nearly as far as the uterine 
surface of the placenta, but, for the most part, they disappeared before 
reaching the latter. In either case, they gradually became more 
delicate, and were finally lost to. sight in the convolute of placental 
blood-vessels. 

On proceeding to examine the blood-vessels composing the placenta, 
I found thatr these presented two distinct types of structure, according 
as I examined those which constituted the papillae, or those which 
were met with in the cirenm-papillate ridges above described. In 
view of the facts which I am about to communicate, I regard the 
circum-papillate ridges as the tom margins of those processes of 
maternal tissue which interpenetrate the foetal villi, whilst the papillae 
themselves are simply the free extremities of the foetal villi, which in 
the mcoon, as in the bitch,* and cat,t reach the uterine surface of the 
l^bcenta. The vessels met with in the maternal portion of the 

* Turner, ** Lectures on the ComparatiYe Anatomy of the Placenta,” p. 82 . 

t Mid,, p. 
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placenta resemble ordinary capillaries, whilst those which constitute 
the foetal portion present an altogether different appearance. 

Fcetal Portion of Placenta ,—The foetal vessels constituted by far the 
larger portion of the placenta. Indeed, when sections of the placenta 
were examined, the entire mass of the organ was apparently composed 
of these. This I afterwards found was due to the fact that the pro¬ 
cesses of maternal tissue in the absence of injection, could not be 
traced to any great depth in the substance of the organ, and that the 
delicate capillaries with which they .were furnished, were with diffi¬ 
culty distinguished amid the much larger vessels of the fcetal portion 
of the placenta. The foetal vessels resembled neither arteries nor veins 
in the structure of their walls, and yet were of much larger calibre 
than ordinary capillaries. So far as I am aware, vessels presenting a 
similar character have only once been previously m)ticed, and that by 
Professor Turner in the maternal portion of the placenta of Gholcepus 
With the observations of that anatomist, with regard to 
the structure of these vessels, my own, except in one or two points, 
almost entirely agree. When a portion of the placenta of racoon was 
teased out under the microscope, the vessels in question were seen for 
the most part to run parallel with one another, from the foetal to the 
uterine suiface of the organ, and could be readily detached in the 
form of bundles from the cut edge of the placenta. When one of these 
bundles was farther manipulated, the separate vessels were observed 
for the most part to be of uniform diameter, although occasionally 
they presented well-deffned enlargements. These in some instances 
occurred at regular intervals, and gave to the vessel a moniliform 
character. The vessels freely, communicated with one another by means 
of transverse anastomosing branches of a similar diameter. These 
transverse anastomosing vessels were given off at somewhat irregular 
intervals, but for the most part they octjurred at intervals which did 
not much exceed the diameter of the vessels themselves. In conse¬ 
quence of this arrangement, transverse-vertical and longitudinal- 
vertical sections of the placenta presented much the same appearance 
under the microscope. An examination of the fcetal margin of these 
placental sections showed conclusively that at no spot did the vessels 
pass beyond this surface of the organ, but that, on the contrary, they 
invariably turned upon themselves, and re-entered the placenta, and that 
therefore, so far as their distribution in this direction was concerned, 
they were clearly confined .to the substance of the placenla. With 
regard to their arrangement at the uterine or papillar surface of the 
placenta, as already observed, I conld not distinguish auy clearly- 
defined limitary membrane bounding their distribution in this direc¬ 
tion. At the same time, I may observe, that although very numerous 


* “ Trans. Roy. Soc. Edin.,” vol. xxvii, p. 79. 
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sections were made witli tlie view of determining wlietlier these 
vessels ever passed beyond the placental substance, in no single 
instance did I ever detect such an appearance as could lead me to 
believe that the vessels in question had been divided, and had, pre¬ 
vious to the detachment of the placenta, passed from the latter into 
the wall of the uterus. Had such a passage taken place, it seems im¬ 
probable, in view of the comparatively large size of these vessels, that 
the torn extremities of some at least of them would nofc have been 
recognised. The absence of any such appearance lends support to the 
view that the vessels under consideration really constituted and 
belonged to the foetal portion of the placenta- Horizontal sections of 
the placenta, that is, sections made parallel to the surfaces of the organ, 
presented adiferent appearance. In these, by far the greater number 
of the vessels were seen to be either obliquely or transversely divided. 
This showed that these transverse anastomosing vessels above de¬ 
scribed were not for the most part united at right angles with tJie 
vertical tranks with which they inosculated, but that they pursued a 
more or less oblique course between the latter. Had they passed off at 
right angles with these, the appearance of the horizontal would have 
closely resembled the vertical sections, whereas, whilst the latter 
under the microscope presented a very similar appearance, the hori¬ 
zontal sections differed from them in respect of the much smaller 
number of longitudinally divided vessels which were visible. 

When a portion of the placenta was teased out with needles under the 
microscope, these vessels were seen to be provided with extremely thick 
but apparently structureless walls. Wheu immersed in solution of log¬ 
wood, the latter were readily stained by tj^at reagent. That they were 
composed of a form of elastic tissue was clearly shown hy the singular 
immunity which they exhibited to the action of different reagents. 
Even when boiled in dilute hydrochloric acid, or digested for eighteen 
hours in solution of caustic potash, the walls of the vessels underweut 
apparently little change, and subsequently manifested their elastic 
nature by the resistance which they offered to the pressure of the 
covering glass. Professor Turner^ observes that the walls of vessels, 
which, in other respects, present so close a resemblance to those under 
consideration, which he met with in the maternal portion of the 
plsbcenta of Choloepm Hoffmahni, possessed “no elastic tissue or 
muscular ffbre cells.” So far as the absence of muscular fibres is con¬ 
cerned, the placental vessels of Procyon ^ee with those of GJwlce^us, 
but differ inasmuch as the wall, although apparently homoge¬ 
neous under the microscope, is distinctly elastic in character. These 
ve^ls, in Proeyon, were provided with a distinct endothelial lining 
which, although not always distinguishable, was in some vessels 


* ** Trans. Boy. Soc- Edin.,” voL xxvii, p. 80. 
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clearly enougli defined. It consisted of closely applied, flattened 
endotlielial scales, which at some places were of an oval form, whilst 
at others they were fnsiform in character. As seen in transverse 
sections, the vessels, donbtless becanse of their strongly elastic walls, 
were observed to be uniformly open. They were in some cases com¬ 
pletely, and in others partially filled by a granular looking material, 
which donbtless consisted of altered blood-corpuscles. In the latter 
case the vascular contents had shrunk away from the wall of the 
vessel, leaving a clear space between them and the endothelial lining 
of the tube. The vessels were imbedded in a matrix of faintly 
fibrillated connective tissue, which, however, was small in quantity, 
and in some places appeared to be altogether wanting. At these 
places, the vessels lay directly in contact with one another. 

It is worthy of remark, that the colossal capillaries just described 
constituted by far the larger mass of the placenta, and that in thid 
portion of the organ there was an almost complete absence of 
capillaries of the usual description, these being confined to the circum- 
papillate ridges, and their prolongations, which I regard as constituting 
the maternal portion of the organ. 

Having now described the histological appearances of what I regard 
as the foetal portion of the placenta, I pass to the consideration of 
that of the maternal part. I have already shown that each of the 
papill® met with on the uterine surface of the placenta was sur¬ 
rounded by a well-defined wall of tissue which bounded a space, in 
the centre of which the papilla was situated. The papillae consisted 
exclusively of a mass of colossal capillaries, together with a small 
amount of inter-vascular connective tissue matrix. An examination 
of the circum-papillate ridges with a simple lens showed that these 
were merely the free edges of a number of elongated processes which 
dipped into the substance of the placenta. With a little care these 
ridges, together with their intra-placental prolongations, could readily 
be drawn out from the substance of the placenta and submitted to 
microscopic examination. After being teased out and placed under the 
microscope with a magnifying power of 440 diameters, these processes 
were seen to present exactly the same structure as the mucous mem¬ 
brane of the impregnated horn of the uterus, of which, without doubt, 
they were prolongations. They consisted of a slightly fibrillar connec¬ 
tive tissue largely intermingled with clear granular cells resembling 
leucocytes, together with numerous spindle-shaped connective tissue 
corpuscles. Moreover, in certain preparations which I was fortunate 
enongh to procure by simply drawing out the processes in question 
from the placental substance, I was able to observe tbat the surfaces 
of the latter were covered with a layer of columnar epithelial cells, 


* “ Trans. Eoy. Soc. Edin.,” voL xxvii, p. 71. 



m 


Di*. M. Watson. 


whicli, at some parts, formed a contmnoiis investment to tlie processes; 
whilst, at others, the epithelium having, to some extent, been abraded, 
although a continuous covering was absent, these cells, isolated, or 
in groups of various sizes, still adhered to the surface of the process 
under examination. These cells closely resembled those lining the 
alimentary canal, and were provided with a well-defined nucleus of a 
round or oval form. I have little doubt that in the recent state 
these cells had formed a complete investment to the maternal pro¬ 
cesses. It was particularly remarked that in none of these processes 
was there any trace of the colossal capillaries above described, but 
that their blood-vessels consisted exclusively of capillaries of tbe 
ordinary description, and exactly resembled those met with in the 
uterine mucous membrane. 

Professor Turner has already described, in the placenta of GJiolc^iis, 
two sets of vessels which almost exactly correspond to those above 
referred to Trocyon. His observations, however, were rendered more 
perfect than my own by the fact that he was able to inject the 
placenta both from the fcetal and maternal vessels. From the com¬ 
pleteness of this injection he was enabled to decide tbat the colossal 
capillary system constituted the maternal portion of the placenta, 
whilst the capillaries which presented the usual structure appertained 
to the foetal portion. I have, consequently, endeavoured to reconcile 
my own observations with those of Professor Turner, bub in vain. 
Of a direct connexion between the colossal capillary system and the 
fcetal umbilical vessels in Frocyon^ I was, of course, in the absence of 
injection, unable to convince myself. But, bearing in mind the facts 
(1) that in no single instance did I observe any appearance of the 
passage of a colossal capillary beyond the placenta into the wall of 
the uterus; and (2) the exact correspondence in structure of the 
circum-papiliate ridges with that of the uterine mucous membrane; 
and (3) the probable continuity of these processes with the mucous 
membrane of the uterus; I can (subject, however, to future coiv 
rection) see no escape from the conclusion that in Frocyon the colossal 
capillaries belong to the foetaly whilst the ordinary capillaries con¬ 
stitute the vascular portion of the maternal placenta. 

Having now described the minute anatomy of the placenta, I pass 
to tliat of the uterine mucous membrane. Having made sections of 
tbe wall of the left or unimpregnated uterine horn, and subjected 
these to the staining action of logwood, with the aid of the micro¬ 
scope the presence of numerous uterine glands could be readily 
recognised. These glands were very unequally distributed in the 
mucous membrane. At some places they appeared to form patches, 
and were so closely packed that the interval separating any two 
of them did not exceed half the diameter of a gland tube, 
whilst at others the individual glands were separated by a much 
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larger interval. They occurred indifferently upon the transverse 
mucous rug 08 and upon the intermediate depressions. The glands 
themselves corresponded in length to the thickness of the mucous 
membrane, their blind dilated ends closely approaching but never 
actually penetrating the sub-mucous coat, V7hilst their free extre¬ 
mities opened upon the surface of the mucous membrane. The 
gland tubes were extremely tortuous, so much so that, in some 
instances, their regularly spiral course reminded one of the epidermic 
segment of the duct of a sudoriparous gland. In some cases, the tubes 
terminated in a single dilated and somewhat acinous extremity, 
whilst in others two or even three of these dilated acini could be seen 
to terminate in a common tube. The character of the epithelium 
lining these glands could not, unfortunately, be made out, but it seems 
probable that it does not differ essentially from that met with in the 
uterine glands of other mammals. The epithelium covering the 
surface of the mucous membrane of the unimpregnated horn had 
entirely disappeared, and, therefore, its character could not be deter¬ 
mined. 

The mucous membrane of the impregnated horn was quite entire. 
It differed from that of the barren horn in the absence of the well- 
defined transverse rugse already described. The mucous lining of 
this horn was much thinner than that of the opposite side, and 
appeared as if it had been mechanically stretched by the growth of 
the contained foetus. When a portion was placed under the micro¬ 
scope, it was seen to differ from that of the barren horn in respect of 
its much softer and more succulent character. This was due to the 
presence of large numbers of leucocytes, as well as oi spindle-shaped 
connective tissue cells in various stages of growth. In the barren 
horn,, the latter were present as formed connective tissue, and, con¬ 
sequently, lent to the mucous membrane a denser, tougher, and more 
fibrous consistence. In the mucous membrane of the non-placentai 
'area of the gravid horn uterine glands were but rarely distinguish¬ 
able and then only in a fragmental form. Here and there minute 
fragments of gland tubes were observed, but, in no case, did I 
recognis'e a perfect gland similar to those met with in the opposite 
horn. In the ihucous membrane of the placental site not a trace of 
a uterine gland could be recognised, tbe glands in this area having 
apparently atrophied and entirely disappeared. As regards the 
epithelial lining of the gravid horn, no certain information could be 
obtained, as the mucous membrane had been almost entirely denuded of 
epithelial cells. At the same time, the appearance of an occasional 
epithelial cell, columnar in character, and attached to the uterine surface 
of the placenta, renders it probable that previous to detachment of 
that organ the uterine mucous membrane had been provided with a 
layer of columnar epithelial cells, similar to that observed by 
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BTimerous authors in other species of mammals. The fact, moreover, 
that the intra-placental prolongations of maternal mncons membrane 
■were invested by sncb a layer of cells lends additional support to this 
opinion. 

I have already remarked that, with the exception of its epithelial 
layer, the mncons membrane of the gravid horn of the nterns, sub¬ 
sequent to detachment of the placenta, was quite entire, and that the 
uterine surface of the placenta was not invested by a complete layer 
of decidua serotina, such as is met with in the shed placenta of the 
cat.* In Frocyon, therefore, the intra-placental prolongations of 
maternal mucous membrane, together with ■ the epithelium, are alone 
deciduous, the mucous membrane of the uterus remaining adherent 
after detachment of the placenta. 

Comparison of the Flacehitation of Frocyon mith that of other Gar- 

rdvores. 

From the particulars above detailed, it will be seen that Froeyon 
agrees with the other carnivorous mammals, with the placentation of 
which we are acquainted, in respect of the annular or zonary form 
of its placenta. This form of placenta, and this alone, has been met 
with in the various members of the group Carnivora, the placentation 
of which has hitherto been examined. In the majority of these the 
placenta forms a complete zone, and presents no trace of the placental 
gap which, in Froeyon^ occurs at that part of the placental band 
which lies in relation to the dorsum of the embryo. The gap in 
question has, however, been observed in the placentae of a few car¬ 
nivores. So far as recorded observations go, while failing to 
recognise the presence of this gap in the placenta of any digitigrade, 
or pinniped Carnivore, they have afBrmed its presence in the placenta 
of every member of the plantigrade section, the placentation of which 
has been hitherto examined. The latter group includes the genera 
Maries, Mustela, and I/utra, in the members of each of which & 
placental gap has been observed. With these, therefore, Frocyo 7 i 
agrees more closely as regards its placentation than with any member 
of either the digitigrade or pinniped groups, in the placenta of none 
of which does the gap in question occur. If BischofE’s explanation of 
the formation of this gap be correct, it would appear that, in the planti¬ 
grade Carnivora, the closure pf the true, and the consequent separation 
of this from the false amnion takes place at a relatively later date in 
the latter than in either the digitigrade or pinniped Carnivora. 

But, whilst the placenta of Froeyon differs, in this respect, from 
that of the members of the digitigrade and pinniped groups of Car¬ 
nivora, it agrees with them in its truly deciduous character, as exempli- 

* Eschricht, “Be Organis,” pp. 14,18; and Turner, “Lectures on the Com- 
of the Placenta,” p. 80. 
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fied in the case of the bitch, cat, fox, and seal. The interlocking 
of the intra-placental processes of maternal mncons membrane 
with the foetal chorionic villi, and the separation of both from the 
uterine wall, have been already described; and although the processes 
of maternal tissne could without difficulty be withdrawn from the 
interstices of the chorionic villi, it must be home in mind that, at 
the time of separation of the placenta, the full period of gestation had 
not been completed, and that, in all probability, had such been the case 
the union between the foetal and maternal portions of the placenta 
would have been more intimate than in the specimen examined. 
Although, owing to the absence of injection, the precise form of the 
chorionic villi and the mode of interlocking of these with the 
maternal processes could not be ascertained, there seems little reason 
to doubt that their arrangement presented a close resemblance to 
that described by Professor Turner in the placenta of the bitch, cat, 
and seal. The structure of the maternal portion of the placenta of 
Froeyon, moreover, agrees in all respects with that of the animals just 
named, consisting as it does of processes of the mucous membrane of 
the uterus which are richly supplied with capillaries presenting the 
same structure as those of the uterine mucous membrane itself. A 
farther resemblance between the maternal processes of the placenta of 
Frocyon and those of the other mammals mentioned is to be found in 
the presence, in all, of a well-defined layer of columnar epithelial cells 
investing these processes. 

With regard to the appearance presented by the uterine surface of 
the placentas Frocyon agrees rather with Ganis than with Felis. The 
very regular arrangement of the uterine extremities of the foetal villi, 
surrounded as they are by the circum-papillate ridges of maternal 
tissue, is certainly peculiar to the racoon. At the same time, an examina¬ 
tion of the uterine surface of the placenta of the bitch, at nearly full time, 
convinced me that the difference in this i*espect between the placenta 
of Frocyon and that of Ganis is one of degree rather than of kind. In 
the latter, although the arrangement of these two constituents on the 
uterine surface of the placenta is by no means so regular as that met 
with in the racoon, yet indications of it were plainly observable. In 
the bitch, as observed by Turner,* and this observation I can confirm, 
the chorionic villi reach the uterine surface of the placenta much as 
in Frocyon. Surrounding them are numerous ridges of maternal 
tissue* which, although by no means presenting the regular honey¬ 
comb appearance met with in the racoon, nevertheless, at places, closely 
resemble it. In the bitch, these ridges for the most part enclose 
irregnlar polygonal spuces, in the centre of each of which lies the 
nterine extremity of a foetal villus, whereas in Frocyon these spaces 
present a regular honeycomb appearance. 

* ** Lectures on the Comparative Anatomy of the Placenta,’* p. 8^. 
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But farther, a comparisoB of the placenta of the racoon with that of 
the bitch and cat shows that in one important particular Proc^o??, agrees 
with Ganis rather than with Felis. As has long been hnown, the 
uterine surface of the placenta of the cat, after being detached from 
the uterus, is covered with a distinct and continuous layer of decidua 
serotina, whereas, in the bitch, as shown by Professor Rolleston,^ thiwS 
is not the case. In this animal, the deciduous portion of maternal 
tissue consists simply of the intra-placental processes which are 
detached along with the placenta, whilst the uterine mucous membrane 
is not deciduous, but remains adherent to the wall of the womb. 
Such is also the case in Procyon^ and consequently in it, as in the 
hitch (and apparently also in the fox),t the uterine mucous membrane 
forms a continuous lining to the wall of the uterus, after detachment 
of the placenta; whereas, in the cat, according to Turner, J subsequent 
to the separation of that organ, only the deeper part of the sub- 
epithelial connective tissue of the uterine mucous membrane remains 
adherent. Whether, in Procyon, the epithelium of the uterine mucous 
membrane is normally detached along with the placenta, unfortunately 
I could not determine. 

Professor Turner has observed that in the mucous membrane of the 
placental area of the sloths§ and seals,|| the uterine glands appear to 
undergo a retrograde metamorphosis, and to become of little functional 
importance during the latter period of pregnancy. The same remark 
holds good of the uterine mucous membrane of Procyon in which, 
as already shown, the uterine glands, although well developed, and 
present in large numbers in the unimpregnated horn, are with difficulty 
recognisable in the non-placental area of the gravid horn, and then only 
in a fragmental form, whilst, in the placental area, they have entirely 
disappeared. It would appear, therefore, that, at least in the Carni¬ 
vora, the uterine glands are functionally inactive subsequent to the 
period when the placenta hsds been fully developed. 

Whilst, however, the placenta of racoon agrees thus far with that of 
other Carnivora, it diners materially in respect of the structure of the 
blood-vessels which constitute by far the larger portion of that organ. 
As already observed, Professor Turner met with similar vessels in the 
placenta of Gkolmpus, In that animal, however, the placenta is dome 
or bell-shaped and not annular in character. So far as I can ascertain, 
Gholmpm and Procyon are the only genera in which these vessels have 
been hitherto discovered. In every particular, except the elastic 
nature of their walls, the foetal vessels of Procyon agree with the 

* “ Trans. Zool. Soc.,” v, 1863. 

t Turner, “ Lectures on the Comparatire .Anatomy of the Placenta,” p 85 

t lyd., p. 80. 

I “ Trans, Boy. Soc. Edin.,” vol. xxvii, p. 100. 

II IM., xxvii, p. 300. 
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maternal vessels of Cholcapus. I have already referred to the difficulty 
of reconciling two sets of observations, in accordance with one of 
which, these vessels appertain exclusively to the foetus (Procyon), 
whilst according to the other they belong as exclusively to the mother 
(Chol(Bpiis). This difficulty must remain until the placenta of Procyon 
has been re-examined after successful injection of both the fcetal and 
maternal vessels. But, even granting that future research may allot 
the colossal capillary system of Procyon to the mother and the ordinary 
capillary system of its placenta to the foetus, the mere presence of 
vessels of so peculiar and identical character in the placentae of Pro- 
cijon lotor and Gholcepus Hofimamii —animals between which there is 
not a single additional point of structural resemblance,—^and the 
absence of such from the placenta of every other Carnivore which has 
hitherto been accurately examined, appears to me to afford only one 
additional proof to the many hitherto adduced of the futility of any 
attempt to base a sound classification of the Mammalia upon the form 
and structure of the placenta. There does not, indeed, appear to be any 
reason whj the placenta, either in respect of form, structure, or both, 
should agree in animals which are closely allied, or differ in species, 
which upon other grounds we regard as widely separated from one an¬ 
other. The researches of Turner and others have made us aware that, 
reduced to its essentials, the connexion between the mother and the 
child is the same in all mammals, that is, it consists of an intimate con¬ 
tact of the foetal and maternal blood-vessels. This, however, is simply a 
physiological necessity, the accomplishment of which may be brought 
^ about in many different ways. A priori^ therefore, the particular 

I lkrrangement by means of which this is accomplished is hardly likely 
ik> be constant in, or confined to one group of mammals, or such as will 
, ^result in the formation of an organ which structurally, or morpho- 
f^ogically, is likely to be of any value in affording a basis of classifica- 
^^ion. The zonary form of placenta is met with in. such widely 
separated groups as the Carnivora, Hyracoidea, and Proboscidea, 
whilst the diffused placenta is common to the Suidse, Delphinidae, and 
Equidm, and any classification based upon the possession by forms (in 
other respects so widely separate) of a single organ, the placenta, 
simply because it possesses the same form in all, must necessarily lead 
to error in classification, if by classification we understand the gronp- 
‘ together of animals in accordance with their affinities, that is, 
in accordance with their entire structural organisation. Similarly, to 
^attempt to classify the Mammalia in accordance with the stimctme 
of the placenta would lead to the association of forms which in other 
respects have nothing in common. The Saidas and Lemurina, in 
respect of the structure and arrangement of the vessels composing 
this organ closely resemble one another, as do also Procyon and 
Cholmpus in the possession of vessels which present structural 
VOL. XXXII. X 



296 


Dr. M. Watson. 


cliaracteristics not bitherto met mth in tbe placenta o£ any other 
mammal. And yet, to associate the members of either of these groups 
would, taking into consideration the wide divergence which they 
otherwise structurally possess, be as rational as to group together the 
elephant and the spdtted hymna, -simply on account of the possession 
by the female of both of "these’animals of a urogenital canal, pre- 
s?nting peculiar features not met with in that of any other mammal. 
A natural classification cannot possibly he based upon the form or 
structure of any one organ in any group of animals, hut must take 
into consideration the various modifications of every organ of the 
animal body; and more especially of those proved by research to he 
of great morphological, although not necessarily^of equal physiological, 
significance. As additional evidence of the slight value to'be attached 
to the form or structure of temporary uterine and foetal structures as 
affording a basis of classification, I may refei^ to the fact that whilst the 
structure of Procyon is such that it has very properly led naturalists to 
associate that genus with the arctoid group of Oamivores, yet the foetus 
of Procyon Jotor is provided with’ a supernumerary- cutieular invest¬ 
ment, or epitrichium, of which, according to the observations of 
Welcker,* the foetus of Wr$us presents not a trace. Of the structure 
of the bear’s placenta we at present know nothing, but when it comes 
to he examined, in view of the'inconstancy of foetal structures in the 
members oi one and the same group of mammals, i;here seems to be 
little ground to anticipate that vessels presenting tlie peculiarities 
above described in the placenta of Procyon, will be found to be any 
more characteristic of the arctoid group, as a whole, than the epitri¬ 
chium has proved to be. 

The foetal membranes of Procyon agree for the most part with 
those of other Carnivora. The absence,'however, in the former of an 
umbilical vesicle in the advanced condition of *the embryo, is remark¬ 
able, and appears*to separate Procyon from’every other member of the 
carnivorous group of mammals. The choriou differs in no respect 
from that of other Carnivora. In Procyon, as in Canis, Felts, and 
Plioca, the placental vessels extend beyond the placental into the non- 
placental area of this membrane. The allantois presents a similar 
arrangemeut in all Carnivora. With regard to the amnion, Procyon 
agrees with the members of the plantigrade section of Carnivora at 
the same time that it differs from those of the digitigrade and 
pinniped sections in the late closure of the amniotic sac, in the close 
attachment of that sac at one spot to the foetal surface of the placenta, 
and (adopting Bischoff’s Yiew)t in the consequent deficiency of 
placental substance at that spot. 

* “ Abhanfi. der Katurf. Gesellsch Halle, Band ix, p. E9. 
t Sirzimgsber, der Akad. Wissensch. ” Munchen, 1865, p. 219. 
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Id. conclusion, it maj be as well to summarise tbe observations con¬ 
tained in tbe foregoing pages. These show:— 

1. That Frocyon agrees with all the other Carnivora in which that 
organ has been hitherto examined in the possession of a zonary or 
annular placenta. 

2. That similarly Frocyon agrees with all in the mode of interlock¬ 
ing of the foetal and maternal portions of the placenta, and in the 
consequent deciduate character of that organ. 

8 . Thfit Frocyon agrees with the members of fhe plantigrade section, 
at the same time that it differs from those composing both the digiti- 
grade and pinniped sections of tbe Carnivora, inasmuch as at one spot 
the placenta presents a gap or deficiency, at which spot the placental 
structure is imperfect. 

4. That Frocyon agrees with Canis at the same time that it differs 
from Felis, in the absence of a continuous layer of decidua serotina 
from the uterine surface of the detached placenta. 

5. That Frocyon differs from every other Carnivore, the placenta of 
which has been minutely examined, in tbe possession of placental 
vessels possessed of a structure hitherto only met with in the placenta 
of Cholcepns Hoffmanni among the Edentates. 

6 . That Frocyon differs from every other Carnivore, the foetus of 
which has been hitherto examined, in the non-possession of an umbilical 
vesicle. 

7. That Frocyon differs from all Carnivora of which the young 
have been hitherto examined, inasmuch as the foetus is provided with a 
supernumerary cuticle or epitricliium, a structure which has only been 
met with in the young of certain members of other mammalian groups. 


EXPIiAFATIOlSr OF PLATES. 

I have to acknowledge, with thanks, the kindness of my friend, Mr. Alfred 
Young, in drawing the accompanying excellent illustrations of the microscopic 
anatomy of the placenta and uterine mucous membrane. 

Pirate 3. 

Figure 1. Exterior of the female organs of Frocyon lotor in the gravid state, two- 
thirds natural size. b.O. Bight cornu uteri in which the foetus was 
lodged. L.c. Left cornu uteri, o.o. Ovary encircled by the Fallopian tube. 

L.D. Ligamentum diaphragmaticum uteri. l.t. Ii.t. Ligamentum teres 
uteri, ii.ii. Ligamentum latum uteri, b. Bladder. 

Figure 2. The foetal membranes after removal from the uterus. As stated in the 
text, the membranes were ruptured when the specimen came into my 
hands. Their appearance, after I had divided the placental belt 
and removed the foetus, is faithfully reprodu -ed in this figure. 
A- Amnion, c.c.c. Chorion, pp. Placenta. The umbilical vessels are 
seen ramifying on the foetal surface of the latter. 

X 2 
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I^gure S (die placenta, showing the central gap which corresponds to the attach¬ 
ment of the ammon, as shown in fig Z 

S'lgnre 4 The foetus with its epitnchial inyestment The latter has been sht open 
along the ■ventral surface ot the animal 

Plate 4 

Pigure 5 Interior of the gravid uterus of JProcyon lotor^ two thirds natural size 
In the right cornu uteri the foetus is shown enveloped by the chorionic 
membrane and surrounded by an annular or zonary placenta The 
left comu uteri is opened to show the transversely arianged mucous 
folds Between the cornua is the septum uten o tr Os uteri, pro 
vided -with a valve like fold of mucous membrane, which separates 
the uterus from t the Tdgina, vac Urogenital canal laid open A 
bristle IS passed mto the urethra Other letters as m fig I, Plate 3 

Figure 6. Ijeft comu uten natural size, seen from above The drawing shows the 
abdominal openmg of the Fallopian tube and the relations of that tube to 
the ovary o Ovary c v Cornu uteri L.D Ligamentum diaphragmafci 
cum uten 5 t Fallopian tube 

Figure 7 Surface view of portion of the mucous membrane from the placental site 
of the gravid horn, shghtty magnifitd 

Figure 8 Section of wall of barren horn of uterus, to show the uterine glands 
Magnified 55 diameters 


Plate 5 

Figure 9 View of utenne surface of the detached placenta, sho-wing the honeycomb 
appearance, ^ghtly magnified 

Figure 10. Honzontal section (» e , the Ime of sectaon was parallel to the surface of 
the organ) of the placenta, showing the colossal capiUanes, for the 
most part divided iramversel^f magnified 285 diameters 

Figure 11 Portion of the placental substance, teased out after being submitted to tlae 
action of dilute sulphuric acid The figure shows the structure of the 
colossal capillaries, their endothelial lining, and the mode of auastomoess 
between them, magnified 235 diameters 

Plate 6 

Figure 12 Longitudmal vertical section (f e, the line of section was at ri|^ 
angles to the sur ace of the organ) of the placenta, showing the coloseat 
capillaiiee, for the most part divided longttudinaLlg^ magnified 235 
diameters 

F^ure 13 Transverse vertical Election of the placenta, showing the colossal capdlaneft; 

with the mtervasci lar matrix The capillaries are for the most peart 
divided longdudimtl^^ magnified 235 diameters 
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On the Diastase of Kojir^^ By R. W. Atkinson, B.Sc. (Lend.), 
Professor of Analytical and Applied Chemistry in the Uni¬ 
versity of T61d6, Japan. Communicated by Professor A. 
W. W ILLIAMSON, For. Sec. R.S. Received March 3. Read 
March 10, 1881. 


Summary. 

Section I.— Pr^aration of the Koji. 

Mechanical preparation of the rice. Addition of spores of Durotium 
oryzece (Ahlb.). Growth of mycelinm in warm chamber. Rise of 
temperature during growth sufficient to preserve the temperature of 
the chamber constant, and, in winter, much above the temperature 
of the outer air. Temperature of hdji itself from 10° to 23° F. above 
that of the chamber. 

Activity of growth shown by the rapid replacement of oxygen lu a 
confined portion of air by carbonic acid. 

Loss of weight of the rice during the growth of the fungus. 

Section II .—Adicm of Water on Kdji. 

Amount of solid matter dissolved depended upon time and tempera¬ 
ture of digestion, and upon the proportion of water used. 

Amount of albuminoids dissolved depended mainly upon the duration 
of digestion. 

Temperature of greatest change in cold water extract of MJi. 

Section III .—Action of Kdji Extract upon some Garhohydredes^ 

Extract of hoji causes inversion of cane-sugar. It also effects the 
hydration to dextrose of maltose and dextrin. Curve A. 

Extract of Mji breahs up the starch molecule into maltose and 
dextrin; the maltose is quickly hydrated, and the products after some 
time are dextrin and dextrose. 

Experiments showing the action of hoji extract upon starch-paste 
at various temperatures from 4—10° C. to 70° C. Curves B to H. 

Effect of common salt in neutralising the hydrating power of hoji 
extract, 

* I feel that some apology is needed for using the Japanese v^ord but as 
there is no foreign product in any way resembling it, I have thought that there 
would be less danger of confusion arising by retaining the Japanese word than by 
using the word malt.” As will be seen from the following description, the nature 
t>f this substance is quite different from that of malt, so that the use of that word 
might lead to erroneous impressions. 

The 6 is pronounced long, as it is a contraction for the diphthong ««, the word 
being written in Japanese kaufi^ but pronounced as written above. 
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Section IY.— GJiange which the Bice Gra/in Uiidergoes hy the Growth of 

the Fungus. 

It is skown by a comparison of tbe analyses of rice and hoji that 
tbe principal change 'svkicli is to be observed is the conversion of the 
insolnble albuminoids of rice into the soluble state, and, probably as a 
result of this, the large increase in the total soluble solid matter. 


It may be desirable before entering upon the preparation and 
properties of the substance which the Japanese call hoji, to mention 
briefly the uses to which it is put in this country. It is universally 
employed as a fermenting agent, but it is something difiering from 
such a body as “ barm or yeast,” by which Dr. Hepburn translates hoji 
in his invaluable dictionary. Its principal use is in the production of 
sake, the alcoholic liquid which is everywhere consumed in Japan. 
This liquid is prepared from steamed rice by digestion with hSji, the 
diastase of which effects the conversion of the starch into matter 
capable of being fermented. 

Another use to which hoji is applied is in bread-making. It is also 
employed in the manufacture of the famous sauce “ Soy,” which is 
likewise a product of fermentation, though its preparation is much 
more complicated, and has not yet received an explanation. 

In “Nature” (September 10th, 1878), I gave a very brief account 
of the mode of producing sake, and about the same time Mr. 0. 
Korschelt read a paper before the German Asiatic Society of Japan 
giving a detailed description of the process, together with some experi¬ 
ments upon the action of water upon hoji. The result of his investi¬ 
gation was that hoji acted as a kind of diastase, converting starch into 
sugar, but he gave no experiments which could serve to identify the 
product. 

In a paper read before the Chemical Society in March, 1880, of 
which an abstract appears in the “ Chemical News,” April 9th, 1880, 
I gave a series of analyses of the mash, as the result of which the 
•conclusion was drawn that the diastase of hSji, unlike that of malt, 
yields dextrose and dextrin when it acts upon gelatinised starch. The 
conclusion was correct as referring to the ultimate products, but 
further experience has shown that the first product is not dextrose, but 
maltose, which, however, is quickly hydrated to dextrose. Evidence 
of this will be found in a later part of this paper. 

I.— Frejparation of the K6ji. 

The rice grain consists of several envelopes, the outer of which are 
easily removed in the form of chaff by threshing, and after being 
bumt, the mineral constituents are returned to the soil. The grain 
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still possesses a tliin adhering skin which is removed bj a very rough 
process of beating with wooden hammers, the grain being contained 
in a wooden mortar.’^ By this operation a large proportion of the 
grain becomes broken, and is. thus rendered unfit for many purposes, as 
for eating, and for sake brewing.. In the koji manufactory these 
broken grains, mixed with the thin skin, are converted into koji in the 
same way as the cleaned and whole grains, bnt the product is inferior 
in colour, and is put to other uses. Besides the loss of the skin the 
grains are incomplete,, one- end of. each being sharply curved inward 
owing to the complete removal of the -embryo from the rongh treat¬ 
ment it has received* This alone, shows that the change which the 
rice grains undergo in being made into koji cannot resemble a process 
of germination. 

The rice thus, cleaned is next soaked . in wati^r all night, and, on the 
following morning, it is heated in a current of steam until each grain 
IS just soft- enough to be elastic, an. operation which takes from four 
to hve hours. After this it is thrown upon mats laid upon the ground, 
and turned over continuously by the workmen until it is quite cool, 
the temperature taken on three different occasions being 84°, 86°, and 
84° F. By this constant working the grains are prevented from 
cohering into lumps, and the mass feels to the hand quite dry. 

To every two bushels the foreman adds three salt spoonfuls of the 
spores of a fungus, described by the late IMr. Ahlburg as^ Burotium 
oxyzem (Ahlb.).t The whole of these spores is mixed with a small 
portion of the rice, and tbe mixture is then scattered over the rest of the 
rice as a husbandman scatters seed over the ground. The mats are 
folded over at each corner, and the rice thoroughly worked again to 
ensure a uniform distribution of tbe spores. After this the rice is 
gathered into baskets, and carried into the coolest part of the “ growing 
chamber.” This is- done about 2 p.m. on the first day. 

In the sake breweries, where koji is made for brewing purposes, the 
“growing chamber” is of a somewhat rough construction, being 
formed near the surface of the ground, built up with.timber, coated 
with mud, and covered with straw mats to avoid as much as possible 
loss of heat. In the koji manufactory proper^ however, it is a much 
more satisfactory place. It consists of a long arched passage, cut in 
the thick bed of clay which underlies Tdkio at a depth below tbe 
surface of from 15 to 20 feet. In the manufactory at Yusbima, in 
Tdkio, with which I am best acquainted, there are in all four of these 

* It is a fact of some interest that if the skin be allowed to remain, the sake pro¬ 
duced from such Mji is more liable to spoil than when the skin is removed. This 
is probably connected with the large percentage of albuminoids contained in the 
skin. 

t “ Mittheilungen der Deutschen Gesellschaft fur Nat or- und VOlkerkundo Ost- 
asieus.” 16ter Heft. December, 1878, p. 352- 
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underground passages, only one of whicli is used during tTie summer, 
as very little hoji is made during that season. The height is rather 
less than 4 feet, the breadth about 7 or 8 feet, and from the entrance, 
reached by descending a vertical shaft, it extends about 25 or 30 feet 
in one direction, then bends off nearly at right angles for about the 
same distance. From the second passage two others extend, in the 
same direction as the first, for about 30 feet. In these the temperature 
of the air is highest. 

Except at the beginning of the season, no fire or heating arrange¬ 
ment is used, but after being disused for a long time, the chamber 
would be too cold, and would delay too long the formation of the 
MjL 

After the rice mixed with spores has been taken to the growing 
chamber about 2 p.m. on the first day, it is thrown into a heap, covered 
with mats, and left for one night. On the following day about noon 
(second day) it is put into baskets, withdrawn from the chamber, and 
sprinkled with water. At this time the temperature of various batches 
which were examined varied between 75° F. and 79° F. When the 
lioji is required for sake brewing this operation is omitted, and the 
product is then called raw hoji (Jap. Jd-hoji). The common Jcoji, which 
is prepared by sprinkling with water is, however frequently bought by 
the brewer for the purpose of mixing with the raw koji 

About 5 P.M. on the same day (second day) the rice is spread over 
small wooden trays, and placed upon the floor of the growing chamber 
underneath the trays which at this time contain nearly finished k^i. 
The rice is spread out so that in no part is the layer of any thickness ; 
the temperature, however, gradually rises during the night. A sample 
of which the temperature was taken at 8 p.m. on the second day was 
80°*6 F., the temperature of the air at the same time being 81° F. At 
5 A.M. on the third day the workman re-enters the chamber for the 
purpose of removing the trays of finished koji, and of putting in 
their place the trays containing the mixed rice and spores of the third 
day. This mixture has at 5 a.m. a temperature a little higher than 
that of the chamber; the workman then collects the^rice on each tray 
into a small heap, and allows it to remain undisturbed till between 

9 and 10 A.M. The gi’ains of rice on the morning of the third day 
present a slightly woolly appearance, which shows that the spores have 
already partly developed with the production of mycelial fibres. The 
tempemture rapidly rises; at 8 A.M. the temperature of the rice is 
from 104° F. to 106° F., and it increases slightly until between 9 and 

10 A.M., when the workman works the rice over with bis hands and 
spreads it out to cool it. The temperature of the air during this time 
remains tolerably constant, as will be seen from the details of the 
observations given afterwards. 

When the rice has become cooler it is a^ain heaped up on the trays 
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•ind left till about 1 p.m., at wMcb time its temperature bas again 
risen to over 100° F. After this, the heaps are broken down and the 
tliin layers gradually become cooler, the workman frequently rubbing 
tbe matted masses between bis bands to open them. 

During tins period tbe mycelium bas developed very greatly, long 
silky fibres binding together tbe grains of rice. Tbe Mji is now left 
until 5 A.ii. on tbe following morning (fourth day), when it is found to 
have become cemented into one cake by tbe filaments of mycelium. 
It is then removed and preserved on tbe wooden trays until sold. 

I have taken temperature observations at two periods in the year, in 
May and December. Tbe temperature of tbe chamber was taken by 
means of a ISTegretti and Zambra maximum and minimum thermo¬ 
meter, suspended with tbe middle of tbe long cybndrical bulb about 
one foot above tbe trays containing hoji^ and about tbe same distance 
below tbe roof. Tbe temperature of tbe hSjl was taken by means of a 
small tube thermometer plunged into tbe mass on tbe trays and 
allowed to remain several minutes, • until no further change was 
observed. Tbe temperature of the rice on several trays was taken 
and tbe mean of tbe observations regarded as tbe true temperature. 

Table I.—Temperatures of Chamber and Koji during May. 


I. 

Date. 

n. 

Hour. 

III. 

Temperature 
of air outside 
the chamber. 

IT. 

Minimum 
temperature 
of chamber. 

Y. 

^Maximum 
temperature 
of cliamber. 

YI. 

Temperature 
of k oji on 
third day. 

May 18 .. 

8 A.M. 

55 -3° F. 

72° F. 

76° F. 

No Mji. 

j’ • • 

6 P.M. 

61 *8 

72 

74 


„ 19 .. 

7 A.M. 

59-0 

72 

77 

89-6°F. 


8 P.M. 

64-0 

74 

76 


„ 20 .. 

8 A.M. 

58-7 

76 1 

77 

84*2 


9 P.M. 

64*6 

75 

77 j 


V 21 !! 

7 A.M. 1 

60 -0 

75 

76 1 



9 P.M. 

65 ‘0 

74 

76 

86 *0 

” 22 .. 

9 A.M. 

63 -6 

75 

77 

86-0 

* • 

9 P.M. 

60-0 

76 

79 

89-8 

„ 23 .. 

7 A.M. 

65 -5 

77 

83 



8 P.M. 

65-0 

79 

82 

95 -0 

” 24 

7 A.M. 

64-0 

80 

81 

102-0 

jj • 

8 P.M. 

66 -5 

78 

80 

86-0 i 


Tbe temperature of tbe chamber from tbe 18tb to tbe 2Srd remained 
tolerably constant, but then for some reason an increase in both 
maximum and minimum temperatures took place. Tbe temperature of 
tbe rice at tbe time of its introduction varied, as before mentioned, 
from 75° to 79° F., and was, therefore, a little lower than that of the 
chamber. In Column YI is given tbe temperature of tbe hoji on the 
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third day. It varied considerably, sometimes rising very high, but 
always being above the maximum temperature of the chamber. The 
increase in the temperature of the Teoji in May is by no means so 
marked as in the second series of observations made in December, 
during which month much more hoji is made than in May. The tem¬ 
peratures given below refer, like the last, to hoji of the third day only, 
as it is during that time that the greatest amount of growth takes 
place. 


Table II.—Temperature of Chamber and during December. 


I, 

Date. 

II. 

Hour. 

III. 

Temperature 
of air* outside 
the chamber. 

IT. 

Minimum 
temperature 
of chamber. 

y. 

Maximum 
temperature* 
of chamber. 

TI. 

Temperature 
of koj i on 
third day. 

Dec. 5 ,... 

8 ijhn. 

40-7° F. 



104-8° F. 

,, 

2 r.K. 

49*5 

82-0‘"F. 

83‘0°F.. 

91 *9 

SJ • • • • 

8 „ 

42 -5 

81 *0 

83 -0 

88 *8 


8 A.M:. 

41 *5 

80-a 

83 0 

106-6 

J, }}•.•« 

10 „ 

44-7 

81 -6 

82 '0 

101 -0 

„ })•••* 

1 r.M, 

50 -0 

81 *0 

82 *5 

104*1 

7..»«j 

9 a.m. 

38-5 

80 -O* 

82 ’5 

104*2 

1 

a js • • • I 

2 P.M. 

51 *0 

80-5 

82 *0 

93 *6 

,, 8.... j 

8 A.M. 

37 -5 

79*0 

1 

82-5 ■ 

100 *0 


If we take the avemge temperature on the three mornings at 8 A;M., 
and one at 9 a.m., we find it to be 103®*9 P., and the average for the 
maximum temperature at the same time* is 82®’7, hence the Mji has at 
8 A.M. an average temperature 21°*2 F, higher than the chamber. The 
observation at 10 a,m. on December 6 was intended to ascertain what 
the highest tempei’ature attained waSy which the 'workman said occurred 
about that time; but on that day the rice became so hot that he was 
obliged to spread it out before its temperature was taken, so that the 
number 101° F. gives the temperature after partial cooling. The 
observation at 1 p.m. was made before the rice was spread out for the 
second time, and it will be seen that the temperature has risen con¬ 
siderably. With these results, one cannot doubt the truth of the 
statement made by the workman that the rice becomes heated during 
the growth of the mycelium. Mr. 0. Korschelt* has pre'viously 
remarked that the temperature of the rice rises during the formation 
of Mji, but he gives only one observation. He says: “ Ich fand dann 
die Temperatur des Reises zu 25° C., wahrend die Luft in der Kammer 
nur 20® C. zeigte. Die nothige Wiirme also durch den Process selbst 
entwickelt.” 

^ ** MittheiluTigeii der Deutsehen C-esellsehaft fur Jfatur- imd Yolkerkuude Ost- 
afciens.” December, 1878. 16ter Heft., p. 241. 
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The rise in temperature is almost certainly due to respiration, a pro¬ 
cess common to all plants. I know of no case, however, in which the 
increase is so great as in the one under consideration. Sachs says that 
in the spadix of the Aroideae at the time of fertilisation, and especially 
in warm air, an excess of temperature of from 4° to 5° 0., or even 
Kf C., has been detected.* In the present case the respiration is suifi- 
ciently active not only to keep the temperature of the rice above that 
of the surrounding air about 21° F., but at the same time to keep the 
temperature of the air in the chamber from 30° to 40° F. above that 
of the air outside, because no artificial source of heat is made use of. 

It is a little remarkable that the variation in the temperature of the 
air in the chamber is so small, for, as the place is not artificially 
warmed, but depends upon the heat given out by the growing fungus, 
it might be expected to be much higher in the morning than in the 
evening. Such a variation will, indeed, be noticed, but not to a greater 
amount than 2° or 3° F. The constancy in the temperature is no 
doubt the result of having successive batches in the same chamber. 
During the morning only the actively growing kaji is there, and in 
the evening, when the former is cooling down, a new batch is brought 
in, which gradually rises in temperature during the night and attains 
its maximum between 8 and 12 in the forenoon. 

That the growth of the fungus takes place with great vigour is 
shown not only by the rise in temperature, but by the rapidity with 
which it removes oxygen from the air. A specimen of the actively 
growing hSji (at 8 A.M.) was placed in a bottle of about 4 litres 
capacity and well corked. Tubes were arranged so that a specimen of 
the enclosed air could be removed from the bottle, and it was then left 
in the chamber from 8 till 12 noon. Over the Mji which was exposed 
to the air the mycelium of the fungus had developed considerably and 
had caused the grains of rice to cake together into a solid mass. The 
rice in the bottle, however, remained quite loose, and no increase in 
the amount of the mycelium could be observed. Analysis of the air 
in the bottle showed that the whole of the oxygen had been replaced 
by carbonic acid. The inference to be drawn from this experiment is 
that so long as the oxygen was present the mould went on growing, 
but that the amount of air contained in the bottle was insufficient for 
its growth, and hence, instead of becoming matted together, the grains 
of rice remained distinct. 

The diminution in the weight of the rice is considerable. Mr. Jihei 
Kamayama was good enough to weigh for me the rice used in one 
operation, and the hoji which was formed from it. He found that 100 
parts of the whitened rice, after being converted into Mji, weighed 
101*3 parts. Samples of each were obtained and the amount of water 

* Sachs, “Lehrbuch der Botanik,” 4th edition, 1874, p. 694. 
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determined. Tlie rice contained 14*2 per cent, of water and the Icoji 
29‘5 per cent; thence 85*8 parts of the dried rice yielded ?6*35 parts 
of dry hoji^ that is, 89 per cent., and thus a loss of weight occurs 
amounting to 11 per cent, of the dry rice used. This loss consists 
mainly of starch, which is oxidised to carbonic acid and water, and 
corresponds to an oxidation of 4*9 per cent- carbon. More carbon, 
therefore, undergoes oxidation than Day found in the case of germina¬ 
ting barley,^ which varied from 2*3 to 2*6 per cent. 

As in one day about 107 lbs. of dry rice are converted into koji in 
each chamber, the amount of carbonic acid formed will be ^ x 5*24= 
19*2 lbs., and snch a large quantity evolved in situations from which 
it is difficult to remove it frequently leads to stoppage of the work for 
some time. The only means adopted of efEecting a change of air con¬ 
sists of a square shaft about 8 inches in one direction and 6 inches in 
the other, leading from the anterior end of the passage into the open 
air above. It will be evident, therefore, that as the ventilation depends 
upon the difference of temperature between the inner and the outer 
air, it will be much better in winter than in summer. In fact, it is in 
the spring and early summer that the stoppages occur, for, as the tem¬ 
perature observations taken during May show, the difference at that 
period between the inner and outer air is not more than a few degrees. 
Under such conditions the growth of the fungus must be much less 
active, and perhaps this is one reason why the production of koji in the 
summer is almost abandoned. 

n .—Action of Water on Koji. 

The koji prepared in the manner just described consists of grains of 
rice boimd together in lumps by the interlacing threads of mycelium. 
A single grain separated from the rest presents a peculiar woolly 
appearance on the surface, hut does not appear to have increased very 
much in bulk. Under the microscope, a section shows that the outer 
cells are loose and penetrated by the fibres of the mycelium, whilst in the 
centre of the grain the cells have a horny appearance, and the starch 
granules cannot be distinguished. 

When the kaji grains are allowed to remain in contact with water 
for some time, a large proportion is dissolved by the water, which 
then assumes a yellow colour. Yery little of the koji remains except 
the mycelial fibres and the skeleton of cellulose when the digestion is 
made in warm water. The amount of matter brought into solution 
varies according to the duration and the temperature of digestion. At 
low temperatures, and after about fifteen or twenty minutes, from 
12 to 15 per cent, of solid matter, calculated on the koji used, is found 
in solution; but if the digestion is allowed to go on at a higher tem¬ 
perature, or for a longer time, from 30 to 60 per cent, will be dissolved. 

* Joum. Chem. Soc.,” Trans., 1880, pp. 651-657. 
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In Table III some analyses of the solution of Izoji^ made at the 
ordinary temperature, are given. They are taken from a large number 
made, and are selected to show the influence of varying proportions of 
water used, and also that of length of digestion.^^ 


Table III.—Composition of the Solution made from 100 grms. of Koji 

at 10° to 15° C. 


Ko. 

Total vo¬ 
lume of 
solution of 
100 grms. 
of %6ji. 

Time of 
digestion. 

Total 
solid 
matter 
per cent. 

Average 
percent¬ 
age of 
solids. 

Griucose 
per cent, of 
total solid 
matter. 

Specific 
rotatory 
power p. 

Average 

specific 

rotatory 

power. 


c.c. 

hrs. 









1 

500 

12 

X7-7 


,. 


60°*0 

65 



2 

1,000 

18 

25-7 



r 


61 

■ 


3 

3i 

33 

24*2 




,, 

55*7 


157*6 

4 

3i 

33 

23 *0 




, . 

56 *0 



6 

J> 

12 

33 *3 




49 0 

65 *3 

*N 


6 


33 

33 *3 




51 *0 

65-4 



7 

33 

33 

29*4 : 


-27 -0- 


45 *0 

62-9 i 



8 


33 

28*6 



46*5 

67-7 


f-64-6 

9 


)» 

26*8 1 




53 *0 

61 -4 



10 

„ 

33 

22*5 




53 *0 

64 *0 



11 


33 

22*3 




54 *0 

65 *0 



12 

3) 

4 

28 *0 




.. 

61 *4 



13 

2,000 

3 

31 *1 


, , 


68 *0 

78 *0 



14 

2,500 

>> 

32 *2 

1 

1 1 

r 

58 *0 

681 ! 


1 

15 

16 

33 

33 

33 

33 

32*5 

30 *7 

1 

I 

Ul *4^ 

1 

1 

70*0 

65 *0 

65 *3 
73*8 ' 


U9*3 

17 

' , ] 
5,000 

33 

30*1 

J 

1 1 

1 

68*0 

70*2 


1 

18 

24 

30*0 


,, 


47*0 

64 *5 



19 

10,000 

33 

40*0 


•• 

J 

66*0 

60*5. i 

1 




These examples will suflSce to show how variable the amount of 
solid matter dissolved by the water is, even under apparently the same 
conditions. Thus when 100 grms. were dissolved in 1,000 cub. 
centims. of water, and kept for twelve hours at a temperature of 
10° to 15° C., the amount of solid matter dissolved varied from 22 per 

* The analysis of the solutions of Jcoji was carried out in the following manner. 
The total solid matter was calcxilated from the specific gravity of the solution taken 
at 36° C., compared with water at the same temperature, by dividing the excess 
above 1,000 (water = 1,000) by 3*86. This gives the number of grins, in 100 cub. 
centims. of liquid, from which the percentage is easily found. The glucose was de¬ 
termined by the gravimetric process recommended by O’Sullivan Journ. Chem. 
Soc.,” 1876, [ii], p. 131). 

The specific rotatory power of the solid matter in solution was determined by ob¬ 
serving the number of divisions upon the scale of a Soleil-Puboscq saceliarometer 
which coiTesponded to uniformity of tint of the two halves of the field. The light 
^as always observed through a column of liquid 2CXI miUims. long. The specific 
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cent, to 33*3 per cent. The percentage of glucose contained in the 
solid matter varies from 45 to 68 per cent., but usually ranges 
between 50 and 60 per cent. The specific rotatory power of the 
solution made in the cold does not vary much outside the limits 
60*= and 

The solution contains dextrose, dextrin, and albuminoids, the two 
latter in nearly equal amounts. In some solutions in which the 
nitrogen dissolved was determined, the specific rotatory power of the 
albuminoids was found to be —40°, and it will, probably, not be far 
from the truth to take this number as the average specific rotatory 
•power of the albuminoids. 

Two points are brought out by a consideration of Table III. In 
the first place the proportion of water used appears to infiuence con¬ 
siderably the amount of solid matter brought into solution. The 
average of the numbers obtained when lOOgrms. of Wji were dissolved 
in 1,000 cub. centims. is only 27, whilst when the same weight was 
dissolved in 2,500 cub. centims. the average was 31*4. The single 
experiments given also bear out this with the exception of No. 18; 
but in a matter of this nature no reliance can be placed upon isolated 
observations. The second point is that the specific rotatory power of 
the solids in solution appears to be mainly influenced by the length of 
the digestion, being much higher when the digestion is short than 
when it is continued for some time. The average specific rotatory 
power of the solutions made in eighteen hours was 57°*6 ; after twelve 
houi*s, 64°-6; and after three hours, 69°'3; although the last number 
is not fairly comparable with the two former ones, a difierent propor¬ 
tion of .water having been used. The explanation of this fact is 
probably that when the digestion is continued for only a short time, 
a smaller proportion of albuminoids enters into solution than when 
the digestion is long continued. It is probable, in fact, that the 
albuminoids require time to be degraded to such a form that they 
are soluble in water. Hence, when the amount of albuminoids is 
small, the dextrose and dextrine mainly contribute to the specific 
rotatory power, which is, therefore, higher. 

In Table IV are given a few results of experiments in which the 
mixture of and water was heated for different periods. 


rotatory power (which I have expressed throughout the paper by the symbol p) was 
calculated from the formula— 

^ » X 0*242 

where » is the number of divisions read off from tbe scale, 

0 242 is tbe factor for converting scale-divisions into degrees of arc (cane-sugar 
being taken =73^-8), 

€ is the amount of solid matter in 1 cub. centim. of solution in grams. 
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Table IV.—Composition of the Solution made from 100 grms. of Koji 
at Higher Temperatures. 


]S^o. 

Time and temperature 
of digestion. 

Total volume 
of solution 
of 100 grms. 
of Icdji. 

Total solid 
matter per 
cent, of koji 
used. 

Dextrose 
per cent, of 
total solid 
matter. 

Specific 
rotatoiy 
power p. 

X 

2 hours at 50° C. + 18 
hours at 15° C. 

cub. centims. 
1 1,700 

51 -8 

68-0 

o 

68 

2 

^ hour at 45° C. 

2,000 

2,000 

5,000 

1 10,000 

31 *8 

84-9 

76 -1 

53 '5 

3 

2 hours at 45° C....... 

61 *6 

68 *5 

4 

hour at 50° C........: 

37-2 

49-2 

66*0 

58*0 

68 *2 

5 

24 hours at 15° C. -f- 2 
hours at 100° C. 

73 -8 


The percentage of solid matter dissolved ^out is greater in most of 
these experiments than in those conducted at the ordinary temperature. 
Experiments 2 and 3 (Table lY) are interesting as they were made at 
the same time, with the same specimen of hdji, and with the same pro¬ 
portion of water, the only difference being in the time of digestion. It 
will be useful to compare them with the results of an experiment 
made with the same Jcoji at the ordinary temperature of the air. 100 
grms. of the hoji were digested with the 2,000 cub. centims. of water 
at 10° to 12° G. for eighteen hours. The results of the three experi¬ 
ments are grouped together in Table Y. 

‘Table Y. 


18 hours at 10—12° -C.. ... 
2 ' hour at 45° 0..... 

Total solid 
matter per 
cent, of 
koji. 

Dextrose 
percent, 
of kdji. 

Dextrose 
per cent, of 
total solid 
matter. 

Specific 
rotatory 
power p. ‘ 

29 *2 

31 *8 
61-6 

20t25 

27-00 

42*20 

*69 *3 1 

84-9 

68 -5 

66^3 

76 *1 

53 *5 

2 hours at 0.. 



There is not much difference in the amount of solid matter dis¬ 
solved out in the two first experiments, but the proportion of dextrose 
contained in the second is very much higher than in the first. In the 
third, the total solid matter has increased very greatly, but the dextrose 
dissolved has not kept pace with it, and forms only the same propor¬ 
tion as in the solution made in the cold. The lower specific rotatory 
power shows, however, that the proportion of the other constituents 
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has not remained the same. This rrill be better seen by calculating the 
amount of dextrine, albuminoids, and dextrose from tbe specific 
rotatory power, assuming that of the albuminoids to be • 40°, an 
assumption which, if not quite accnrate, will, however, not materially 
influence the results. 


Table YI.—Composition of the Solid Matter in Solution.* 



Dextrose 

Dextrin 

Albuminoids 


per cent. 

per cent. 

per cent. 

18 hours at 10—12® C. 

69 -3 

14 -7 

16-0 

^ hour at 45® C.1 

84-9 

12 -5 

2-6 

2 hours at 45° C.1 

68-5 

10-0 

21 -5 


It is evident that the percentage of dextrine is smaller when the 
digestion is carried on at a higher temperature, but that relatively to 
the amount of dextrose it has not altered within the time limits of 
the experiments at 45° C. will be best seen by calculating tjie amounts 
of dextrine and albuminoids per 100 parts of dextrose. 

Table YII.—Amounts of Dextrin and Albuminoids per 100 of 
Dextrose. 

Dextrin. Albuminoids. 

11 honrs at 10-12° C... 21 *2 .... 23 ‘1 

1 Hour at 45° C.. 14*7 .... 3*06 

2 honrs at 45° C. 14 *6 .... 25 '3 

Tbe amount of albuminoids dissolved out after half an hour’s digestion 
at 45° C. is only about one-eighth of the quantity dissolved after two 
hours. This bears out the observations made with respect to the cold 
solutions of viz., that the longer the time of digestion the greater 
was the amount of albuminoids dissolved. It may reasonably be in¬ 
ferred from this that the albuminoids, as they exist in hoji^ are not in 
a soluble form, or not so to any great amount; but by the growth of 
the fungus the albuminoids of the rice have been brought into such a 
state that they are easily degraded by the action of water and rendered 
soluble. 

The action of heat upon the cold water extract is not very marked 

* Calculated tlms:— 

^ = grm. of glucose in 1 grm. solid matter; 
ar=rgrm. dextrine; 

1 — (j: + Ar) =grm. albuminoids; 
p ~ observed specific rotatory power. 

p=21fir + 50i:—x—1’}, from wbieh j*, the unknown quantity, is found. 
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-except at temperature between 45° C. and 60° C. It tlien produces a 
slight difference in the colour of the liquid, which becomes more red ; 
it reduces slightly the specific rotatory power, and increases the 
.amount of glucose, owing partly to the hydration of the dextrin, and 
partly to the precipitation of a portion of the albuminoids, especially 
'at the higher temperatures, when the liquid always becomes more or 
less turbid. The following series of experiments (Table VIII) was 
made by Mr. Y. Watanabe, Graduate of the University of T6ki6, and 
■shows very clearly the effect of heating for one hour at the specified 
temperatures. 


Table VIII.—Action of Heat upon the Cold-water Solution of K6jL 


Tem¬ 

perature. 

f 

Solid matter in 100 
cub. centims. 
G-rms. 

Dextrose in 100 cub. 
centims. 

Grms. 

Specific rotatorT , 
pov^er. 

P* ; 

1 

ITnlieated. 

5 

o 

Increase. 

Unhoated. 

Heated. 

Increase. 

o 

.u 

e3 

Healed. 

k> ' 

30'=’0.... 

4-88 



2-97 

3*015 

0*045 




35 ... 

4*88 

., 

., 

2-97 

3*062 

0*092 




40 ... 

4-89 

,. 


2*98 

3-079 

0*099 




f45 ... 

4-92 

4*98 

0*06 

2*92 

3*412 

0*492 

74 

70*0 

4 

Iso ... 

4-95 

5*02 

0-07 

2-79 

3*285 

0*495 

70 

67*1 

2*9 1 

155 ... 

4-92 

5*00 

0*08 

2*92 

3*463 

0-543 

74 

68*9 

5*1 

160 ... 

4:95 

6*02 

0-07 

2-79 

3*30 

0*510 

70 

67-8 

2*2 

65 ... 

4-89 

.. 

,. 

2*98 

3*081 

0*101 



1 

j 

70 ... 

4*89 

.. 

• • 

2*98 

3-075 

0*095 





Below 45° 0. the increase in the specific gravity was so small that 
it could not be determined with any certainty, and it will be seen that 
.although there is an increase in the amount of dextrose the increase is. 
very small. Between 45° and 60° C. the increase in total solid matter 
and in glucose, and the diminution in the specific rotatory power, are 
more marked. From the columns showing the increase in solid matter 
:and glucose, it will be seen that the greatest change occurs at 55° C.: 
and this is borne out by the diminution in the specific rotatory power, 
which is greatest at that temperature. The limits of greatest change 
are from 45° to 69° C-, for either below or above these points there is 
a sudden falling off in the increase of dextrose. 

III .—Action of Solution of K6ji ujpon some Garbohydrates. 

(1.) Action of K6p Extract upmi Cane-sugar .—^Extract of Mji lia.<i 
VOL. xxxn. . y 
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tke property of causing inversion of a solution of cane-sugar, as the- 
following experiments will skow:— 

1*974 grm. of dry cane-sugar was dissolved in 25 cub. centims. of 
Uji extract, then dduted to 100 cub. centims. Tke amount of optical 
rotation was found, by observation, to be 15*8 scale-divisions, and the 
number calculated was 15*5. Tbus 

1*974 grm. cane-sugar dissolved in 100 cub. 

centims. would give rotation.=12*1 divisions. 

25 cub- centims. of hoji solution diluted to 

100 cub. centims...= »» 

15*5 „ 

After being allowed to stand for eighteen hours the rotation was ob¬ 
served to have diminished to 5 scale-divisions, and the solution con¬ 
tained 1*67 grm. of glucose. Deducting 0*36 grm. glucose contained 
in 25 cub. centims. of loji solution, the amount formed from the cane- 
sugar was 1*31 grm., equivalent to 1*2445 grm. cane-sugar; and hence 
0*7294 grm. of unaltered cane-sugar was present. We thus find the 
calculated number of divisions of rotation to be 4-5*43, against 
5 divisions actually observed. 

Unaltered cane-sugar (*7294 grm.) in 

100 cub. centinis.... “1"4*4 scale division^. 

extract (25 cub. centims. in 100 

cnb. centims.). 4-3*4 „ „ 

Invert sngar formed (1*31 grm. in 

100 cub. centims.). —2*37 

4-5*43 

If the calculation be made in degrees of arc, it will be found that the- 
specific rotatory power of the solution had diminished from /)=74° to 
/>=:10°. 

The progress of the inversion of the solution of cane-sngar will be 
seen from the following observations taken at successive intervals of 
time:—A solution of cane-sugar containing 5*41 grms. in 100 cub, 
centims., and giving in a 200 millims. tube an optical rotation of 33*1 
scale-divisions (equal to/»=74^), was employed. 75 cub. centims. of 
this solution were mixed with 25 cub. centims. of a solution of Jcoji 
which contained 0*365 grm. of solid matter, 0*253 grm. glucose, and 
which gave in a 200 millims. tube an optical rotation of 8 scale- 
divisions. It may be remarked that from these and other experiments 
made with the same solution of it was found to be exceptionally 
w^k in its inverting power. The observations are as follows, deduc¬ 
tion having been made for the Mji solution present:— 
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At commencement solution gave rotation 

=24*8 div. 

.•./9=74-0 

After 1\ hour at 15° C.•. 

=23-7 „ 

.*. />=70*6 

After 20-| hours at 10—12° 0. ... 

=21-0 „ 

.•./.=62-6 

After f hour longer at 40° C. 

=20-0 „ 

.-./>= 60-2 


50 cub. centims. of this mixture and 25 cub. centims. of Mji were 
heated for a further period. Corrected for hoji added— 

After If hour at 40° C, rotation.... 11*2 divisions /)=50° 

After 2 hours longer at 45—50° 0. 4*0 „ . *. />=17*8 

It will be seen that the action is very slow at low temperatures, and 
even as high as 40° C. it is not very rapid; but it becomes much more 
so between 45° and 50° 0., a temperature at which the hoji has been 
found to be most active in converting starch. 

(2.) Action of K6ji JSxtract 7ijpon Maltose .—The Japanese prepare a 
kind of sweetmeat by the action of malt-extract upon steamed rice or 
millet, and this product, called dme^ from the examination of a large 
number of specimens, was found to contain from 68 to 94 per cent, of 
maltose.* A quantity of maltose was prepared from this according to 
the directions given by Mr. O’Sullivan,f but the purest product which 
could be obtained contained sufficient impurity to reduce the specific 
rotatory power from 150° to 144°‘5. For the present purpose it was 
unnecessary to use an absolutely pure specimen, so this was employed 
without continuing the attempt to purify it completely:— . 

100 cub. centims. of a solution of maltose containing 1*334 grm. of 
solid matter, and the equivalent of 0*855 grm. glucose were mixed 
with 100 cub. centims of hoji solution containing 3*5 72 grms. of solids 
and 2*14 grms. glucose, and the mixture heated for 2-| hours to 35° to 
40° C. The liquid after heating (deduction having been made for the 
h6ji solution present) contained in 100 cub. centims. 1*374 grm. solid 
matter and T348 grm. glucose. It is evident, therefore, that the 
solution of maltose had been completely converted into glucose. 

A solution of maltose was prepared containing 2*68 grms. of solid 
matter in 100 cub. centims., and which gave in a 200 millims. tube a 
rotation of 32*1 divisions, corresponding to a specific rotatory power 
/)=144°*5. 100 cub. centims. of this solution were mixed with 100 

cub. centims. of hSji extract containing 2*3 grms. of solid matter, and 
giving in a 200 millims. tube an optical rotation of 10*5 scale-divisions. 
This mixture was heated %o 60° C. for 2| hours, then cooled and 
diluted to 250 cub. centims. at 15° C. It then contained 2*03 grms. 
of solid matter in 100 cub. centims., and gave an optical rotation of 
11*5 divisions. Deducting the rotation and amount of solid matter 

* “ Transactions of the Asiatic Society of Japan,” voL vii, p. 313. 
t “ Journal of the Chemical Society,” 1876, fii], p. 128. 

T 2 
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dne to the solntion of we find as the result of the action npon the 
maltose— 

Before Heating. ^ After heating. 

Total solid matter.. 2*68 grms. 2*7?5 grms. 

Optical rotation. 32*1 divns. 7*3 divns. 

Specrfi-c rotatory power, />. 144®*5 .... 79 *6 

The hydrating action of hoji npon maltose is, therefore, very decided. 
The action ceased at 79®*6, probably because the activity of the Tcoji 
was exhansted at that high temperatnre. The following series of ex¬ 
periments shows the progressive reduction in the specific rotatory 
power of the solntion when observed at successive intervals of time. 
100 cnb. centims. of the same solntion of maltose were mixed with 
100 cub. centims. of a freshly prepared extract of hSji^ which contained 
2*424 grms. of solid matter in solntion, and which gave an optical 
rotation of 11 divisions in a 200 millims. tube. The mixture of maltose 
and Mji solutions was diluted to 500 cnb. centims. at 15° C., and after 
standing ten minutes a sample was withdrawn for analysis. The re¬ 
mainder was placed in a water-hath heated to 45° C., and samples 
were withdrawn after the lapse of thirty minutes, one hour, and two 
hours, by which time all the solution had been used up. The numbers 
given are corrected for the l£6ji solution added. 


Table IX. 


Time. 

Total solid 
matter in 500 
euh. centims. 
(corrected for 

Optical rotation 
in 200 millims. 
tube (corrected 
for kdji). 

Specific 
rotatory power 
of maltose 
products. 


1 Grms. 

Divisions. 


Original solution . 

1 2-685 

6*5 

144*5 

Akffcer 10 minutes at 15° C. ,, 

! 2 *826 

5*8 

124*2 

„ -1 hour at 45° C. 

'1 r 

5*3 

111 *1 

,, 1 ,, « ,, ...... 

y 2 *886 < ' 

4-7 

98*5 

„ 2 hours .. . 

\i LI 

j 1 

3*7 

77*6 


The action is very regular, as will be seen from Curve A, which ex¬ 
presses graphically the above numbers. There is no evidence at the 
end of two hours of the action of the Tcoji extract upon the maltose 
having been exhausted, and the fall in^he specific rotatory power 
would doubtless have continued to 59° if the experiment had been 
•allowed to continue longer. The fact that Tcoji solntion thus converts 
maltose into dextrose is evidence of the difference of this diastase from 
ihat contained in malt, which, according to the experiments of Brown 
and Heron,* has no action upon maltose. It is a point of interest to 
* ** Jmirna! of the Chemical Society,” 1879, Trans., p. 648. 
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observe that whilst cane-sugar yields invert sugar on hydration, its 
isomer maltose yields only dextrose, a fact which indicates a difference 
in the chemical constitution of the two bodies, arising probably from 
the union of levulose and dextrose to form an ether in the case of 
cane-sugar, whilst in the case of maltose the ether is formed of two 
molecules of dextrose, 

CUEVE A. 

Action of kSJi extract on maltose. 



(3.) Acttou of K6ji Uxtract u^on Dextrin. — A specimen of com¬ 
mercial dextrin was used, probably prepared by the action of heat 
upon starch, although its history was not known. 50 cub. centims. 
of a solution of this dextrin containing 2*78 gnus, of solid matter, 
and having a specific rotary power, were mixed with 50 

cub. centims. of solution of hoji, and the mixture heated for 
hours %t a temperature of 45° G. After heating, the solution con¬ 
tained (deduction having been made for the hoji added) 2*86 grms. 
solid matter, and possessed a specific rotatory power, />==92°. The 
activity of the hoji solution was destroyed, because when an additional 
amount of hoji solution was added, and the mixture heated for a 
longer time, the specific rotatory power of the dextrin producte further 
diminished to 85°. 

This experiment, which has been confirmed by others, leaves no 
doubt that dextrin gradually becomes hydrated under the infl.nenee of 
the diastase of Mji. . • 

(4.) Action of Koji Extract upcm Gelatinised Starch. —When ex-, 
tract of hdji is added to thick starch-paste at the ordinary temperature 
of the air (f.e., from 15 to 20° 0.), in about ten minutes the paste 
becomes very thin, but the solution does not become transparent. 
When, however, the same experiment is made at any temperature 
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between 35° and 55° G., the paste becomes thinly liquid within 
a minute and a Imlf, and is perfectly transparent in from five to 
ten minutes. These results are obtained with a solution containing in 
500 cub. centims. the soluble matter of 25 grms. of hoji; but it varies 
with different samples to some extent, and also with the same sample 
at different periods, the activity becoming less as the sample grows 
older. If hoji solution of greater strength than that mentioned is em¬ 
ployed, the hydrating action upon the maltose takes place so rapidly, 
that its formation may be overlooked. For a long time, I was under 
the impression that no maltose was formed, and it was only by using 
much weaker solutions of hoji, that satisfactory evidence could be 
obtained of its production. 

‘ The following experiments will, I think, show that the first action 
of the hoji extract is to split up the starch molecules into maltose and 
dextrin, and that when the action is continued with a greater quantity 
of the active agent, the maltose is completely hydrated to dextrose, 
whilst if samples be taken at intermediate periods, the solution will be 
found to contain both maltose and dextrose. In this respect, the hoji 
diastase differs markedly from malt extract, which Brown and Heron 
have shown to possess no action upon maltose. It resembles, however, 
the diastatio ferment of the pancreas, which the same observers,* con¬ 
firming the work of Musculus and De Mering,t have shown to effect the 
hydration of the maltose first formed. 

The mode of analysis followed was essentially the same as that 
described in detail by Brown and Heron.J I will give in fall the 
results of one expeinment to illustrate the method. 

A hoji solution was prepared by digesting for a short time 25 grms. 
of a fr^hly prepared sample of hojiia. about 100 cub. centims. of water. 
The liquid was then filtered, the residue digested with a fresh quantity 
of water, and the whole thrown upon the filter and washed, until the 
filtrate amounted nearly to 500 cub. centims. The solution was then 
diluted exactly to 500 cub. centims. at 16° C. The filtration occupied 
three or four hours, even with the assistance of a filter-pump, on 
account of the slimy nature of the insoluble matter. The solution so 
made contained in 100 cub. centims. 1’46 grm. of solid matter, calcu¬ 
lated from the specific gravity (using the divisor 3*86); 1*0125 grm. of 
glncose, and cansed an optical rotation of eight divisions in a 200 miliims. 

tahe. This gives a specific rotatory power, />= 52^1^^=: 66° “3. 

5 grms. of starch, previously dried at 100° C., were gelatinised with 
about 75 cub. centims. of water, the paste allowed to cool to 40° C., 
then mixed with 25 cnh. centims. of the koji solution, and left for 

* ** Chemical Ifews,” xlfi, p. 63. 

f “ Bull. Soc. Ciiim.,” xxxi, 105. 

J “ Journal of the Chemical Society,” 1879, Trans., pp. 600, 
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■twenty-j6.ve m in utes, till it was quite clear. It was then rapidly heated 
to boiling, cooled, and diluted to 250 cub. centims. 

100 cub. centims. of this solution, after filtration, contained 2*15 
grms- of solid matter, and 0*63 grm. glucose, determined by weighing- 
the cupric oxide after ignition. The optical rotation in a 200 millims. 
fjube was 32*4 scale-divisions. As the kSji solutions contained in 
250 cubic centims. was 25 cub. centims. (that is, one-tenth of the 
whole), we must deduct the weight of solid matter and glucose con¬ 
tained in 10 cub. centims. of the koji extract from the weights above 
found in 100 cub. centims. of the liquid. The optical rotation must 
likewise be diminished by one-tenth the amount caused by the Jcoji 
solution alone. We thus get— 


.Solids in 100 cub. centims. 

formed from starch. 2*15 — 0*146= 2*004 grms. 

•Glucose (or its equivalent).... 0*68—0*101= 0*529 „ 

Optical rotation.. 32*4 —0*8 =81*6 scale-divisions. 


From which the observed specific rotatory power— 


31*6 x 0*242, 
2x0*02004 


190°*8. 


The percentage composition calculated from the cupric oxide re- 
‘dncing power is 


Maltose . 43*28 

Dextrin. 56*72 


100*00 

which requires p=187°*4, taking maltose =150% and dextrin 216°. 
The agreement between the observed and specific rotatory powers is 
sufficiently close to show that maltose and dextrin are produced. It 
may be remarked, in passing, that Brown and Heron’s equation, 
No. 4, requires maltose =41*3 per cent., and />=188°*7- 

5 grms. of starch were gelatinised, and, after cooling to 40° C., 
mixed with 25 cub. centims. of the same koji extract, and kept at 
that temperature for three-quarters of an hour. An additional 
cub. centims. of koji was then added, and the whole allowed lo 
3rem^ at 40° 0. for a quarter of an hour longer, then boiled and 
diluted to 250 cub. centims. After filtration, the solution contained, 
deduction having been made as before for the koji )— 

Solid matter..... • 2*035 grms. in lOO cub. centims. 

Glucose (or equivalent).. 0*8882 „ „ 

Optical rotation.. 28*5 scale-divisions. 

.•.p(obs.)=169°*5. 
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The percentage composition, calculated as before, is 

Maltose. 71*54 

Dextrin... 28*46 


100*00 

and calculated the specific rotatory power is /)=168°*8. 

With a solution prepared from different Icoji^ using 50 cub. centims.. 
containing *608 grm. of solid matter, the following results were 
obtained foom 5 grms. of gelatinised starch kept for two hours at 10° 

to 15° a 

Maltose. 70*00 

Dextrin.. 30*00 


100*00 

p (observed). =174°*0 

p (calculated). =169°*8 


The two last results correspond with Brown and Heron’s equation- 
No. 7. 

IOC 12 H 20 O 10 + 7H30=7Gi2a320n+ 3 C 13 H 30 O 10 , 

which requires 70*9 per cent, maltose, and />=169°*2. 

An example may now be given of a solution containing both maltose' 
and dextrose. 

5 grms. of gelatinised starch were mixed with 56 cub. centims. of 
k6ji extract, the same as in the last experiment, and allowed to stand 
at a temperature of from 10° to 15° C. for twenty-four hours. After 
diluting to 250 cub. centims., and making deductions for the hoji 
added, the composition of the solid matter was— 

Maltose.... .. 52*8 per cent. 

Dextrose... 23*79 „ 

Dextrin.. 28*41 „ 

100*00 „ 

p (observed). =143°*8 

p (calculated) . =143°*8. 

It may be observed, that the number of molecules of each body pre¬ 
sent is very nearly the same—^a mixture of one molecule of maltose,, 
one of dextrose, and one of dextrin, requiring 

Maltose. 50*00 per cent. 

Dextrc^e. 26*30 „ 

Dextrin.. 23*70 „ 


and p=;141°*7. 


100-00 
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From tlie experiments described in an earlier part of paper, 
which showed that the extract of hoji caused the hydration of maltose, 
it might at once be accepted as a fact that longer digestion of the 
starch products with Ihe Jcoji solution would result in the complete 
removal of the maltose, only dextrose and dextrin remaining, the latter 
being much more slowly hydrated than maltose. We cannot, indeed, 
expect any indications of definite chemical reactions occurring, because 
they would be disguised by the simultaneous hydration of the maltose 
and dextrin. 

The following experiments illustrate the complete removal of the 
maltose. 20 grms. of dry starch gelatinised and 200 cub. centims. 
of a solution of Mji were dilated to one litre and heated at 40° C.. 
for six hours, then allowed to stand for tweniy hours at 15°C. The 
solution contained in 100 cub. centims. (deduction having been made 
for the used) 1*96 grm. of solid matter and 1*68 grm. of glucose, 
and caused a rotation of 12*8 scale-divisions. This gives a percentage 
composition for the solid matter— 

Dextrose. 85*7 per cent. 

Dextrin. . 14*3 „ 

100*00 „ 

p (observed). =79° 

p (calculated) ... =81° *4 

4 grms. of gelatinised starch and 96 cub. centims. of solution 
were heated to 35° 0. for 3^ hours, then evaporated to about 200 cub.. 
centims., and diluted to ^ litre. The composition of the starch pro¬ 
ducts in solution was— 

Dextrose. 86*00 per cent. 

Dextrin. 14*00 „ 

100*00 

p (observed)..... =85°*7 

p (calculated)... =81° 

Without attaching much importance to the fact, it may be noticed 
that in the last two experiments the molecular ratio is about six of 
dextrose to one of dextrin; a mixture which would give— 

Dextrose .. 87 per cent. 

Dextrin. 13 „ 


100 „ 

and />=79°'4. 

Having thus shown the nature of the reaction which occurs between 
starch-paste and the diastase of some experiments will next be^ 
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described wMch will show the rapidity of the action at different tem¬ 
peratures and with differing proportions of hoji and starch. The first 
series of experiments was carried out at the ordinary temperature <^* 
the air, which at the time varied between 4® and 10° 0. 450 cub. 
■^entims. of starch-paste containing 11*43 grms. of dry starch were 
mixed with 50 cnb. centims- of h^i extract containing 1*786 ^ms. 
of solid matter. The mixture was allowed to stand at this tempera¬ 
ture (4—10° C.) with an occasional shaking, and samples were with¬ 
drawn at the specified times. After making deductions for the hoji 
ithe amount of the starch products was found to be as follows :— 

Table X.—^Action of Koji Extract on Starch at 4~10°C. 

10 grms. starch to 8*75 grms. hojL 


Time. 

Dry starch 
in 500 

cuh. centims. 

Weight of 
kdji used 
to form the 
extract. 

Total starch 
products. 

Specific 
rotatory 
power. ! 

48 hours. 

120 „ ..... 

192 . 

240 „ . 

! Grms. 

11 -43 

3J 

5> 

» 

Grms. 

10 

)> 

if 

if 

Grms. 

9*714 

9*904 

10*369 

10*450 

109°*6 i 

100 *2 

90*4 

80*4 


The courae of this reaction is represented graphically in Curve B. 
'The action, comparatively rapid at first, goes on slowly but con- 

CUBVB B. 

Action of koji extract on starch at 4^—10®. 





Time in hours. 
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tinuously to the end of the experiment, which lasted ten days. The 
liquid rernained quite clear to the end, the temperature being too low 
for the development of organic life. In a second series of experi¬ 
ments conducted at the same temperature, with different proportions 
•of starch and corresponding results were obtained. 


Table XI.—^Action of Koji Extract on Starch at 4—10® 0. 
10 grms. starch to 40 grms. hojL 


Time. 

Diy starch 
in 500 

cub. centims. 

Weight of 
used, 
as extract. 

Total starch 
products. 

Specific 

rotatory 

power. 

68 hours. 

164 „ . 

Grms. 

5 08 
)> 1 

Grms. 

20 

SJ 

Grms. 

4*638 

4*816 

100°*4 

75 *3 


The influence of a larger proportion of Mji is seen in these experi¬ 
ments, for whereas in the first series 8*75 grms. of Mji were used to 
10 grams of starch, in the second series the weight of hoji was 
-40 grms. to the same weight of starch. It will be seen that in 
164 hours the larger proportion of Mji used has effected a reduction 
in the specific rotatory power greater than in 240 hours, with the 
smaller proportion, but the rapidity of change does not seem to be 
proportional to the quantity of Tcoji used. 

The next two series were carried out in exactly the same way, but 
the temperature of the air varied between 10° and 15° 0. 


Table XII.—Action of K^i iktract on Starch at 10—15° C. 
10 grms- starch to 10 grms. MjL 


Time. 

f 

! Dry starch 
! in 500 
\ cub. centims. 

1 

Weight of 
used, 
as extract. 

Total starch 
products. 

Specific 1 
rotatoiy ’ 
power. ; 

^ hour.... 

Grms. 

10 

Grms, 

10 

Grms. 

10*61 

172°8 i 

2 hours. 

» 

» 

10*45 

158 

211 „ . 

>» 


10*66 

131 ! 

26 „ . 

a 

37 

10*65 

120*4 j 

46 „ . i 

» 

» 

1 

10-61 

[ 

110 *5 


The next series was conducted exactly as the one just described, 
but samples were not taken until 48 hours after the first hour. 
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Table XIII.—Action of K6ji Extract on Starch at 10—15° C. 
10 grms. starch to 10 grms. Tcoji. 


Time. 

Dry starch 
in 500 

cub. centims. 

Weight of 
Mji nsed, 
as extract. 

Total starch 
products. 

Specific 

rotatory 

power. 

1 hour. 

48 honrs. 

72 „ ...... 

Grms. 

10 

3) 

'' ! 

Grms. 

10 . 

33 

O-rmB. 

9-705 

9-925 

9-925 

19S° 

; 112 
i 102 -7 

1 


The results of these experiment are shown graphically in Curves 
C and D, In the last series, Table XUI, at the end of 72 honrs the 
redaction in the specific rotatory power is not mnch greater than in 
the previous experiments after 48 honrs, although to all appearance 
the conditions wesre identical. But it is probable that different por¬ 
tions even of the same lot of Mji differ somewhat in activity. Another 
possible cause of difference is suggested by Curve C. The inclination 
of that curve between 21^ hours and 26 hours is much greater than 

CuEVES C Axn B. 


Action of Mji extract on starch at 10®—15® C. 



the averj^e inclination after the first rapid fall is over. This was un¬ 
doubtedly due to the temperature between these two observations 
having been higher than the average taken over the whole time- 
During the greater part of the time the temperature was not higher 
than 10° C., except in the middle of the day, when it stood about 
15° C. The two observations at 21|^ hours and 26 hours were made; 
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in tlie middle of the day, and thus the more rapid action is explained. 
In the same way, the average temperature during the series first 
mentioned may have, been more nearly 15° C. than during the last 
series, althongh I do not know this to have been so. It is, at any 
rate, a possible canse of difference. 

Ho ceHain conclusions can, I think, be drawn as to the reaction 
being expressed by any definite chemical equation; there is at first in 
all cases a very rapid fall; and,- in Curve 0 the specific rotatoiy 
power, after twenty minutes, nearly agrees with that required by Brown 
and Heron’s equation Ho. ?, before alluded to; but, after this, the 
absorption of water by the maltose would make the curve very regular, 
and it would show no breaks in its continuity. 

The two following series of experiments were conducted at a tem¬ 
perature of 40° C., the flask containing the mixture being immersed in 
a water-bath kept at that temperature, and samples were taken at 
certain intervals of time. The solution used for determining the total 
solid matter from its specific gravity was rapidly cooled by means of 
ice, and the other portion-in which the specific rotatory power was to 
be determined was poured into a dry flask containing a little salicylic 
acid, as recommended by Brown and Heron, and also rapidly cooled. 
Deduction was made for the amount of Tcdji solution added, as in the 
previous experiments. The two series of experiments differ only in 
the relative proportions of Mji and starch used—^that in the first 
series being 5 grms. of hSji to 10 grms. of starch; and, in the second, 
10 ^ms. of hoji to the same weight of starch. 


Table XIV.—^Action of K6ji Extract upon Starch at 40° G. 
10 grms. of starch to 5 grms. of hojL 


Time. 

Dry starch 
in 500 
cub. centims. 

Weight of 
used, 
as extract. 

Total starch 
products. 

Specific 

rotatory 

power. 


G-mis. 

Grrms. 

G-rms. 

o 

25 minutes.. 

10 

5 

' 10-08 

167 

4 hours. 

99 

>» 

10-08 

1 127 

+ 92 hours at 15® C.. 

99 ■ 

i 

»> 

10*25 

106 

, ! 
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Table XT.—^Action of KSji Extract upon Starch at 40° C. 
10 grms. of starch to 10 grms. of 


Time. 

Bry starch 
in 500 

cub. centims. 

Weight of 
Jsoji used, 
as extract. 

Total starch’ 
products. 

Specific* 

rotatory 

power. 

-- 

I—... 

hoar . .. 

Grms. 

10 

Grms. 

10 

Grms. 

9-64 

o i 

143 ’1 

i i . 


9-04 

127 

2 hours ............ 



9-64 

115 

3 . 



9-65 

105 ! 

4?, . 



9-67 

88 i 

6 . 



9*69 

86 ! 

4- 20 hours at 15° 0.. 

Z \ 

Ji 

9*79 

80 : 


The preceding results are represented graphically by Curves E and F. 
The influence of a greater proportion of the hoji solution will again be 
noticed in the much greater fall in specific rotatory power in a given 
time; and further, that in neither of these curves is any very sudden 
bending to be observed. The inclination of the curve during the first 
half an hour is certainly greater than it is afterwards; but, although 
in neither case has the activity of the diastase been destroyed, the 
bending does not occur at the same specific rotatory power. This is 
doubtless owing to the action of the diastase upon the maltose first 
formed, which at this temperature is rapidly hydrated to dextrose.. 
The hydration is more rapid in the case of the experiments repre¬ 
sented by Curve F, although in other respects the two curves show a 
remarkable similarity. 

• . ClTEYES E AIS'D F. ** 

Action of koji extract on starch at 40° C. 



The next table gives the results of an experiment carried out at 
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45° C., 10 gnns. of dry starch, and the extract of 10 gnns. of kSji 
being contained in 500 cub. centims. 


Table XVI.—^Action^ of K6ji Extract on Starch at 45° C. 
10 grms. of starch to 10 grms. of IcojL 


i 

Time. 

. 

Dry starch 
in 500 
cub. centims. 

Weight of 
hoji used, 
as extract. 

Total starch 
products. 

Specific ’ 
rotatory j 
power. ! 

f 


Grms. 

Grms. 

Grms. 

t 

5 minutes. 

10 

10 ' 

9*48 

143 -6 j 

25 „ . 



9-93 

126 -3 

. 1 hour. 

?5 1 


9*93 1 

106 

11 „ . 

5? 


.. 

103 '6 ; 

3 hours ;. 



9*98 

103 ; 

1 3 j> .. 



9-98 

98 *3 : 

4 .. 


:: 


98 *3 

Fresh Jcoji added. 





4i hours... 

>5 


10:18 

8H 


T 


These resnlts are represented graphically by Cnrre Q. The fall is 
Tery rapid for the first five minutes, until a specific rotatory power of 
142°*6 is attained, then the curve follows an almost straight line till 
one hour has elapsed, a specific rotatory power, /)=106° being attained- 
After this it follows an almost horizontal path until a fresh addition 
of ^oji extract was made, when it again falls, the inclination being 
almost the same as between five minutes and one hour. This shows 
that the cessation at 106° was due to the exhaustion of the Jc6ji 
extract, and not to the existence of any definite chemical equation 
corresponding to p=106°. 

CrUTE Gr. 

Action of kSJi extract on starch at 45® C. 

(The thiet vertical line indicates fresh addition of kSji solution.) 





*S 

OQ 


Time in hours. 
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The last seiries I sliall give contains experiments made at a tem¬ 
perature of *60° C., the proportions of starch and hoji being the same 
as in the last series. 


Table XVII.—Action of K6ji Extract upon Starch at 60° C. 
10 grms. of starch to 10 grms. of hoji. 


Time. 

! 

! 

Bry starch 
in 500 

cub. eeiitims. 

Weight of 
Mji used, 
as extract. 

Total starch 
products. 



Grms. 

Grms. 

Grms. 


5 minutes. 

10 

10 

9-70 

182 T 

15 . 

SJ 

j» 

)J 

180-2 

30 „ . 

J’ 

jj 

Jy 

168 

1 hour. 1 

” ! 


JJ 

168 

I li .j 

1 

jj 

JJ 

164-6 

1 If „ Fresh added 

10 -02 

20 

JJ 


f 2 hoxirs..-. 



10-19 

145-8 

i „ . 

1 j> 

JJ 

JS 

131 -8 


5> 

'j 

JJ 

128 -2 


i ” 

JJ 

JJ 

131 *8 

1 4 „ . 


JJ 

JJ 

131 *8 


Curve H represents these results in a graphic manner. It is 
probable that the result given for fifteen minutes is incorrect; there 
appears to be no good reason for the curve deviating from the expected 
<jourse as it does. After the lapse of thirty minutes the specific 


CUEVB H. 

Action of kSji extract upon starch at 60° C. 

(The thick vertical line indicates the addition of fresh I:6ji solution.) 


o 

P- 


3 

S 

g 

o 

1 






Time in hours. 
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rotatory power remains practically stationary at 164—168° for If hour, 
then, when a fresh addition of the hoji extract was made, the curve 
rapidly falls to 131°*8, at which point it again remains fixed, if we 
assume, as is probable, that the result at three hours is erroneous. 
The first stoppage, and doubtless also the second, was caused by the 
exhaustion of the activity of the hoji, and not to the decomposition of 
the starch at that point according to any definite chemical equation, 
because the action goes on immediately after the addition of a fresh 
quantity of diastase, and ceases after about the same time. 

At 60° 0., therefore, the activity of the diastase is very quickly 
destroyed, and at 70° 0. the action is so small that no satisfactory 
determinations could be made. The extract of 10 grms. of hoji, pre¬ 
viously heated to 70° C., was added to starch-paste containing 2 grms. 
of dry starch. After fifteen minutes the solution diluted to 250 cub. 
centims. only contained 0*40 grm. of solid matter, and caused a 
scarcely perceptible rotation of the ray of polarised light. We may, 
therefore, conclude that at some point between 60° and 70° C., the 
diastase of hoji is destroyed. 

The experiments described do not allow us to conclude that the 
starch molecule breaks up in a definite manner under the influence of 
h6ji diastase, as appears to be the case with the starch molecule under 
the influence of malt diastase (O’Sullivan, Brown and Heron, 
&c.), but they do not contradict the supposition, and the results are 
just such as might be expected, knowing the comparatively energetic 
'action which the hoji solution has upon dextrin, and especially upon 
maltose. 

The diastase of h6ji resembles that of malt in one respect, that its 
activity is lessened by the presence of certain bodies, such as common 
salt. In preparation for an investigation into the chemistry of the 
“ Soy ” manufacture, Mr. Watanabe made some experiments upon the 
influence of varying amounts of common salt upon the activity of the 
hSji solution. In each experiment 5 grms. of dry starch were gela¬ 
tinised, and when cold the given amount of common salt was added. 
The whole occupied about 150 cub. centims. The required amount of 
hoji extract was then added and the mixture left for one hour. At 
the end of that time the solution was diluted to 250 cub. centims. and 
filtered. The results give the cupric oxide reducing power of the 
solid matter in solution, and the specific rotatory power, both 
corrected for the salt and hoji extract previously added. 


VOL, XXXII 
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Table XYITI.—^Action of Koji Extract Tipon Gelatinised Starcb in 
presence of Common Salt. 


Common salt used 
per cent, of starch. 

Cupric 03dde 
reducing power. 

Specific rotatory 
power. 

‘ 0 

30 -8 

173°-8 

10 

28*6 

179-3 

30 

25 1 

182 -6 

50 

23*8 

187 *6 

75 

20-9 

190 -3 

100 

20-1 

189 *1 

150 

19 *1 

190 *2 

200 

18 -O* 

192 -2 

300 

16 *9 

194*1 

500 

14*4 

197 *5 


The diminntion in the cnpric oxide reducing power, and the in¬ 
crease in the specific rotatory power, corresponding with an increased 
proportion of salt present, are so marked and so unif orm that no 
further remarks are needed. 

No other observations have^ to my knowledge, been made upon the 
effect of moulds in transforming starch into sugar, although M. Gayon 
(*' Compt. Rendus,’’ tom. 86, p. 52) has shown that cane-sugar is in¬ 
verted by certain fungi, such as FenidlUum glaucum and Aspergillus 
niger, 

M. Pasteur, in his interesting work on ‘‘ Beer,”* has drawn atten¬ 
tion to the possible employment of moulds in industry on account of 
the power they possess of destroying organic matter. He says:— 

Un jour viendra cependant, j’en suis persuade, ou les moisissures 
interviendront dans certaines operations de Tindnstrie par leur pro- 
prietes de destruction de la matiere organique.” And in a note, “ Je 
montrerai un jour qne les combustions dues aux moisissures provo- 
quent dans certaines putrefactions des degagements considerables 
d’ammoniaque, et qu’en reglant leur action on pourrait les faire 
servir a retirer, sous cette forme, Tazote d*une foule de debris orga- 
niques, comme aussi, en empechant la production de ces petites plantes, 
on pourrait accroitre beaucoup la proportion des nitrates da.n,c! les 
nitrieres artificielles. En entretenant humides des morceaux de pain 
dans nn courant d’air et cultivant ^ sa surface diverses sortes de 
moisissures, j^ai pu faire d5gager des torrents d’ammoniaque a la 
suite de la combustion par ces m5mes moisissures des matieres hydro- 
carbbnees. La putrefaction des asperges et celle de beaucoup d’autres 
substances animales ou vegetales m’ont donne des resultats ana- 

* “ Etudes sur la p. 253. Also note on p. 254. 
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logues.” Tlie industrial employment of fungi under consideration is 
an illustration of this, for, although the organic matter of the rice is 
not completely destroyed it is removed to some extent in the form of 
carbonic acid, and the albuminoids, though not converted into am¬ 
monia, are undoubtedly degraded, and brought into such a form that 
they can be dissolved out in great measure by vrater. It is doubtless 
to the presence of albuminoids in this form that hoji owes its re¬ 
markable action upon gelatinised starch. 

IV.— Change which the Rice Grain Undergoes by the Growth 
of the Fungus. 

What is the nature of the change which occurs in the conversion of 
rice into hoji ? As the grains have been exposed for a period of four 
or five hours to the vapour of boiling water, and further, as the 
embryo has been completely removed, it cannot be of the nature of 
germination. The use of the fungus-spores and the growth of the 
mycelium indicate that the alteration in' properties is connected with 
the growth of the mould, and it is probably of a similar character to 
that described by Bro'wn and Heron, which takes place in a solution 
of barley under the influence of the yeast cell. They say: “An 
aqueous extract of barley, which is submitted for a few honrs at a 
temperature of 30° C. to the action of ordinary yeast has its power of 

transforming starch much increased by this treatment. 

It is evident, that the growing yeast cell is capable of inducing certain 
modifications in the albuminoids which, during the ordinary process 
of germination, are brought about by the action of the living vegetable 
cell itself.”* 

In thiR case we may suppose that the yeast cell in absorbing nitro¬ 
genous food, does so by attacking the insoluble albuminoids contained 
in the barley, and having taken what it requires, leaves the rest behind 
in a degraded state, in such a form that water easily dissolves it. In 
the formation of hoji^ we may assume that something of the same sort 
occurs, the growing fungus attacks the insoluble albuminoids of the 
rice, and in proportion as they are brought infco a soluble state, so does 
the diastatic property of the rice increase. The principal aliment of 
the fungus is, doubtless, the starch granule, and this will be found to 
be the case on examining the grain microscopically. The outer layers 
of the hoji grain are loose; the mycelium penetrates between the cells 
everywhere, but in the centre the cells are horny, and no starch 
granules axe to be distinguished. 

The chemical change which takes place may be seen by comparing 
the analysis of rice with that of hoji. The rice, before the removal 
of the fbiTt skin, has been examined by a number of chemists, and as 

• “ Journal of the Chemical Society,” Trans., p. 653, 1879. 
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all tke analyses very nearly agree, tke grain may be considered not to 
Yary very mncb in composition. The following is one of many 
analyses made in this laboratory, of tbe rice newly grown. 

Analysis of JSiished JS/ice Dried at 100° 0. 


Starcb, including sugar and dextrin .. 83-20 per cent. 

Pat. 1-21 

Albuminoids. 8*10 „ 

Cellulose (by difference). 6*58 

Ash. 0*91 


100*00 

Water in original grain, 11*96 per cent. 

The outer cells, which are renioYed during the cleaning, are much 
richer in nitrogen than the rest of the grain.- A sample analysed in 
the University Laboratory, contained 16*7 per cent, of albuminoids 
calculated on the dried substance, and other observers have found 
from 15 to 16*4 per cent. It therefore contains about twice as much 
as the average of the whole husked grain, which must be rendered 
proportionately poorer by its removal. In one sample of the cleaned 
rice used in maldng JcSji, the amount of albuminoids calculated on the 
dried grain was found to be 6*47 per cent. 

The following is a complete analysis of hoji ; unfortunately I have 
not the analysis of the rice from which it was made to compare with 
it. 


Gomposiiion ofKdji Dried at 100° 0. 


Soluble in water=37*76 per cent.:— 

Dextrose.. -.. 

Dextrin (by difference) - 

Soluble ash.. 

Soluble albuminoids. 

Insoluble in water=62*24 per cent.:— 

Insoluble albuminoids .. 

Insoluble ash.... 

Pat.. 

Cellulose. 

Starch (by difference). 


25*02 per cent. 

3*88 

0-52 „ 

8 Total albuminoids 
1*50 / 


0*09 per cent. 


0*45 

4*20 

56*00 


5> 

S5 

55 


100*00 

Water in fresh Ic^i, 25*82 per cent. 


The chief point which a comparison of these analyses brings out, 
is the large proportion of the total albuminoids which is dissolved by 
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water feom hojL Referring always to tlie material dried at 100® O.j 
tlie total albuminoids in Tcoji amonnt to 9*84 per cent., whilst 8*34 per 
cent, was found in solution. In the case of rice, the amount of 
albuminoids dissolved by water is very small; in one specimen of 
cleaned rice examined, it was 1*38 per cent., the total albuminoids 
amounting to 6*47 per cent. It is evident, therefore, that one change 
effected by the growth of the fungus is to increase the proportion of 
soluble nitrogen. 

If the total amonnt of albuminoids in hoji be compared with the 
amount in rice, it will be seen that it is greater in the former than in 
the latter, evidence of the removal of the carbohydrates, alluded to in 
Section I. 

The broken grains which result from the cleaning of the common 
rice are also converted into hoji. As the bran is mixed with the 
broken grains, the whole contains a larger proportion of albuminoids 
than the original rice. The following analyses were made of the 
broken grains, and of the hoji formed from them. In both cases the 
results are given upon the material dried at 100® 0. 

Table XIX.—Composition of K6ji prepared from Broken Grains. 



Soluble solid 
matter. 

Dextrose. 

Soluble 

albuminoids. 

Insoluble 

albuminoids. 


Per cent. 

Per cent. 

Per cent. 

Per cent. 

Broken rice. 

6-04 

,. 

1-47 

7-33 

. 

25*90 

12*80 

7-08 



The amount of solid matter dissolved from the hoji is just about 
five times as much as that dissolved from the rice, and the soluble 
albuminoids have increased in nearly the same proportion. 

Beyond the recognition of this alteration in the solubility of the 
albuminoids, and the related increase in the amount of solid matter 
dissolved, I have been able to come to no definite conclusion. I hope, 
however, to have the opportunity of examining more in detail the 
nature of the individual albuminoids present in hoji^ but thus far, 
that is a part of the problem I have not touched. It is, indeed, 
generally believed, that the converting effect of diastase is owing to 
the existence of certain albuminoids in solution, and the results 
obtained in this research go to show that the active properties of hoji 
are accompanied by the presence of soluble albuminoids, but to go 
beyond this, and to show how, by the growth of the fungus, this 
change is effected, is a problem which, however interesting, lies 
beyond my power. 

Having dra^ attention to the fact that a particular fungus has 
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this power o£ rendering the rice grain diastatic, an effect which has 
hitherto been attributed only to the germination of the embryo, the 
question whether the effect is a general one or not, must be left to 
professed vegetable physiologists. 

In conclusion, the pleasant task remains to me of expressing my 
obligations, and offering my thanks to Hiroyuki Kato, Esq., President 
of the University of T6ki6, who has rendered my task a comparatively 
easy one, by the assistance he has given me in various ways. To 
Mr. Jihei J^meyama also, the proprietor of the hoji manufactory in 
Yhshima, Tdki6, I am deeply indebted for the willingness with which 
I have been allowed to make experiments, and to collect information 
in his works. I wish also to thank my assistant, Mr. E'akazawa, for 
the interest he has taken in the research, and for much assistance 
which I have received from him. 


June 3,1881. 

The Annual Meeting for the Election of Fellows was held this day. 

THE PEESIDENT in the Chair. 

The Statutes relating to the election of Fellows having been read. 
Sir Joseph Fayrer and Mr. J. W. Hulke were, with the consent of the 
Society, nominated Scrutators to assist the Secretaries in examining 
the lists. 


The votes of the Fellows present were then collected, and the fol¬ 
lowing candidates were declared duly elected into the Society. 


Ayrton, Prof. William Edward. 
Bates, Henry Walter. 

Bristowe, John Syer, M.D., 
F.B.C.P. 

Christie, William Henry Mahoney, 
M.A., Sec. E.A.S. 

Dickie, Prof. Greorge, A.M., M.D., 
F.L.S. 

Kempe, Alfred Bray, B.A. 
Macalister, Prof. Alexander, M.D., 
Sec. E.I.A. 


McLeod, Prof. Herbert, F.I.C., 
F.C.S. 

Phillips, John Arthur, 

Preece, William Henry, C.E. 
Samuelson, Bernhard, M.I.C.E. 
Stoney, Bindon Blood, M.A., 
M.I.C.E. 

Traquair, Eamsay H., M.D. 
Watson, Eev. Henry William, 
M.A. 

Wright, Charles E. Alder, D.Sc. 


Thanks were given to the Scrutators. 
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June 16,1881. 

THE PRESIDENT in tiie Chair. 

The Presents received were laid on the table, and thanks ordered 
for them. 

Professor William Edward Ayrton, Mr. Henry Walter Bates, 
Dr. John Syer Bristowe, Mr. William Henry Mahoney Christie, Pro¬ 
fessor Herbert McLeod, Mr. John Arthur Phillips, Mr. William Heiny 
Preece, Rev. Henry William Watson, and Dr. Charles R. Alder 
Wright were admitted into the Socieiy. 

The following Papers were read:— 

I. On the Differences in the Physiological Effects produced 
by the Poisons of certain species of Indian Venomous 
Snakes.” By A. J. Wall, M.D. (Lond.), Surgeon HJI. 
Indian Army. Communicated by Sir Joseph Fayree, 
M.D., K.C,S.L, F.R.S. Received May 2,1881. 

Hitherto no clear distinction has been recognised to exist between the 
actions of the poisons of the various species of venomous reptiles. It 
wiU be the object of this paper to examine closely the symptoms produced 
by these poisons in order to detect any differences that may be present, 
and to see if the poisonous agents can be classified according to their 
physiological effects. As poisonous reptiles admit of a simple anato¬ 
mical classification into colubrine and viperine, one member of each 
group will be taken. It will be convenient to begin with the cobra, 
which is one of the most virulent and best known of colubrine 
venomons snakes. 

L —The PhjsiologiGal Effects of the Poison of the Oohra (Naja 
Tripudians). 

In order to exhibit the effect of this venom, it will be necessary to 
detail the results that follow when animals of different classes have 
been poisoffed by this snake. 

Experiment L 

At 10.46 A.M., a pariah dog was bitten in the thigh by a cobra. 

II. 14 A.M. Very lame in the bitten limb. 


2 A 2 
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11.27 A.H. Affected by tbe poison. Staggers when be attempts to 
walk. Cbewing movement of tbe jaw and lips. 

11.28 A.M. Salivation. 

11.30 A.M. Pupils somewhat small. 

11.31 A.M. Attempting to vomit. 

11.35 A.M. E>espiration becoming slower. 

11.37 A.M. Bespirations 16 per minute. 

11.38 A.M, Copious salivation. 

11.39 A.M. Bespirations fallen to 12 per minute. 

11.42 A.M. Tongue banging out of tbe moutb. 

11.43 to 11.46. Convulsions. 

11.47-|- A.M. Bespiration completely ceased. Pupils dilating. 

11.49 A.M. Heart stopped. Dead. 

Experiment IL 

A fine large cock bad 2 mgrms. of dried cobra poison in solution 
injected into its leg. 

3.13 P.M. Injection. 

3.20 P.M. Bespirations 30 per minute. 

3.38 P.M. Head drooping as if tbe neck were too weak to support 
it; but from time to time tbe bead is raised with a jerk. 

3,41 P.M. Bespirations 25; can barely stand. 

3.48 P.M. Bespiratory movement very slight. 

3.50 P.M. Cannot stand. 

3.55 P.M. Bespirations 19; pupils somewhat contracted. 

4.3 P.M. Bespirations 16; movement exaggerated. 

4.5 P.M. Comb has become of a dusky purple colour; slight con¬ 
vulsive movements of the body. 

4.9 P.M, Bespirations 9. 

4.17 P.M. Convulsions. 

4.20 to 4,22 P.M. Convulsions continuing, but gradually becoming 
less violent. 

4*25 P.M. Pupils widely dilated. Dead. 

Experiment lU. 

A medium-sized frog (Bana tigrina) bad 5 cgrms. of dried cobra 
poison dissolved in water, injected into its dorsal sac :— 

12.42 P.M. Injection. 

1.23 P.M. Struggling violently to escape. 

1.40 P.M. Becoming paralysed. 

1,53 P.M. Dead, 

In these three experiments tbe effects of cobra poison on mammals, 
birds, and amphibia, are well shown. But.as tbe symptoms in man, 
owing to tbe differences in bis nervous system, are peculiar, it is 
requisite to give an outline of tbe results of cobra poisoning in bis 
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case. The one selected is condensed from Dr. Hilson’s acconnt 
(“Indian Medical Gazette,” October, 1873). 

A punkah coolie was hitfcen by a cobra on the right shoulder about 
half-past 12 o’clock at night. He immediately felt an acute burning 
pain on the spot, which increased in severity. A quarter of an hour 
afterwards he said he was beginning to feel intoxicated, but seemed 
quite rational, and answered questions intelligently. The pupils were 
natural, the pulse normal, and the respiration was easy. He next 
began to lose power in his legs, and staggered. Half an hour after 
he was bitten his lower jaw began to fall, and frothy and viscid saliva 
to run from his mouth, and he spoke indistinctly, like a man under 
the influence of liquor, and the paralysis of the legs increased. Forty 
minutes after the bite he began to moan and shake his head from 
side to side, and the pulse and respiration were somewhat accelerated. 

He was unable to answer questions, but appeared to be quite con¬ 
scious, and his arms were not paralysed. The breathing then became 
slower and slower, and finally ceased about one hour and ten minutes 
after the bite, the heart beating for about one minute longer. 

From these oases, and from the evidence given by other experi¬ 
ments, we can draw up a summary of the chief facts to be noticed 
during cobra poisoning. The first manifestation of cobra poison 
having been injected beneath the skin is a sensation of pain in the 
bitten part. The evidence of pain occurring in animals is very clear; 
the animal turns and licks the spot, and if it is the leg that is 
wounded it either limps on that leg or, what is more usual, draws it up 
so as to ease it. 

This action has been termed paralysis of the bitten leg, due to the 
local contact of the poison with the muscles. How, though it can be 
proved that the local effect of cobra poison on muscle is to weaken it, 
yet after the bite of a cobra a very small extent indeed of muscle 
comes in contact with the poison— yqvj often none at all; and if the 
Hmb were really paralysed it would hang uselessly down, dragging 
upon the ground, instead of being drawn up. 

This pain is accompanied by, or rather is dependent on, a very 
characteristic local condition, that is worthy of careful attention. If the 
body of a man or animal killed by snake-bite be examined, there may 
be scarcely a sign to mark the spot where the snake bit—a scratch or 
puncture may apparently be the extent of the injury. If an incision 
be made through the skin and carried through the punctures, very 
little change will be found in the true skin. It may be somewhat 
more injected with blood than normal, and the punctures will be found 
to be intensely so just at their edges, and a small quantity of blood 
may be effused there. But the areolar tissue lying beneath the true 
skin is the site of the chief changes. It will frequently be found to be 
of a purple colour, and to be infiltrated with a large quantity of 
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coagnlaHe piirple blood-like fluid. In addition tbe whole of the neigh¬ 
bouring vessels are intensely injected. This injection gradually 
lessens as the site of the poisoned part is receded from, so that a 
bright scarlet ring surrounds the purple area, and this, in its turn, 
fades into the normal colour of the neighbouring tissue. At the 
margin also the purple blood-like fluid is replaced by a pinkish serum, 
which may often be traced up in the tissues surrounding the vessels 
that convey the poison to the system. In one case in which the 
victim was bitten on the hand, I traced this effusion around the veins 
as high as the elbow. The local appearances differ considerably in 
different cases, varying from those excessive ones just described to a 
mere hypersemia. It has been asserted that these changes are merely 
the result of haemorrhage from the divided vessels. But this will not 
account for the pain or for the intense injection of the surrounding 
parts, or for the fact that should the bite not prove fatal the site of it 
nearly always suppurates. The real explanation is that cobra poison 
is an intense irritant and produces acute inflammation. Thus, if a 
small quantity be placed in the eye, the most severe inflammation of 
the conjunctiva follows. The existence of this local inflammation is 
of great value. It takes place with startling rapidity, one minute or 
less producing marked hyperaemia.' This local hypersemia is, there¬ 
fore, the first indication that we can obtain that snake poison has 
really entered the system. As life itself depends upon the rapidity 
with which snake poisoning can be recognised, it wiU be seen that this 
is a matter of the greatest practical importance. 

An interval now occurs before any fresh symptom is noticed, but 
the length of it varies greatly in different cases. In dogs bitten by 
cobras the average of four experiments gave 18*2 minutes as the 
length of this interval. 

It is not possible to determine with exactitude the average length 
of this period in man, but in the case given it was fifteen minutes, in 
another instance reported by the same observer it was an hour and 
fifteen minutes; and an eye-witness, who evidently described a case 
with great accuracy as to details, stated four hours passed before any 
change was noticed. The evidence available on the subject makes it 
probable that an interval of an hour is the average of this period in 

Tna,-n. 

This pause, it can be proved, depends on two separate factors. The 
one factor is the time required for the absorption of the poison ; for it 
is lessened by the poison being injected simultaneously into several 
different sites. The other is clearly dependent on some secondary 
change produced by the poison for which time is necessary; for if the 
l^trt into which the poison has been injected be excised before the 
occurrence of a single constitutional symptom, yet, nevertheless, the 
a nimal may die apparently as rapidly as if no interference had been 
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attempted; sliowing that the mere presence of the poison in the blood, 
even in sufficient quantity to 3dll, is not capable of prodncing directly 
a physiological effect. On the other hand, to prevent grave miscon¬ 
ception, it shonld be stated that it is quite possible to save life by 
excision of the bitten part, if it be done sufficiently quickly to prevent 
any considerable absorption. 

The symptoms once developed follow one another with great rapi¬ 
dity. In man a feeling of intoxication appears to be the first consti¬ 
tutional effect of the poison. It is very generally complained of, but 
not universally, as it would require some intelligence on the victim’s 
part to mention it. It is not possible to get evidence of a purely sub¬ 
jective condition in animals. 

In man the next symptom is loss of power in the legs. There is 
first staggering, then inability to support the body, and finally there is 
complete incapacity to move the lower limbs. At the same time there 
is scarcely any loss of power in the arms, which may remain com¬ 
pletely under the mfiuence of the will. The exact nature of the 
action of cobra poison on the nervous system is, however, a very 
difficult subject. Sir Joseph Fayrer and Dr, Brunton, in their 
valuable series of papers on the subject, maintain that though the 
greater part of the nervous system is affected, yet the terminations of 
the motor nerves suffer especially, and in a very marked manner. 
They base their reasoning on the results produced by experiments in 
which the excitability of two nerves of the same animal is tested, one 
‘ of which has been subjected to the action of the poison, and the other 
has been kept from the contact with the poisoned blood by the limb to 
which it is distributed being ligatured, the nerve, however, being left 
intact. These experiments I have repeated with, however, some dif¬ 
ferences in the arrangements, with the result that though the poisoned 
limb lost its excitability to a very much greater extent than the non- 
poisoned limb, yet the spinal cord, as long as it was capable of sti¬ 
mulation at aU, could convey stimulation to the poisoned and un¬ 
poisoned nerve, but that the excitability of the cord was exceedingly 
quickly lost. These results would imply that the terminations of the 
motor nerves only suffered, i^ari ^assii, with the cord itself, and that 
there is no special elective affinity for the endings of the nerves. Nor 
are the results of the experiments of Sir Joseph Fayrer and Dr. 
Brunton incompatible with this view. For when one thigh of the 
subject of the experiment was ligatured, and the other was poisoned, 
when the cord was excited by a current, the stimulus had to be trans¬ 
mitted to the non-poisoned leg through the trunk of the nerve which 
was unaffected; whereas on the other leg it had to overcome the 
resistance induced by the paralysing poison. There is no need to 
suppose a special effect of the poison on the ends of the motor nerves; 
the different lengths of the trunks affected would account for a con- 
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siderable difference. To tliis we liave also to add tlie paralysing effect 
on muscle, widch, tbongli not so great as on tbe nerve, is yet not tin- 
important, and wonld tell on the same side. Moreover, it does not 
follow that because a nerve to which poison has had access conveys 
electrical stimuli in a very imperfect manner, or not at all, therefore 
the effect of that poison has been to paralyse the nerve. It is unfor¬ 
tunate that the only test we have • of the vitality of a nerve is its 
power of causing contraction in a muscle when irritated by electricity • 
or mechanically. 

It would be going too far to say, therefore, that because a nerve did 
not transmit such rude stimuli it was dead; and when an animal loses 
the power of withdrawing a member that is being painfully stimulated, 
the break in the power of conducting impressions or stimuli may be 
in any part of the nervous chain involved, or may be distributed 
equally throughout. A poison also that produces death by totally 
different means than paralysis may yet cause in the nerves a complete 
deadness to stimuli. 


JSs^eriment IV. 

The right thigh of a frog (Bana tigrina) was ligatured, so as to 
completely prevent circulation through the limb, the nerve being 
included in the ligature. Two cgrms. of strychnia in solution were 
then injected into its dorsal sac. 

12.33 P.M. Injection. 

12.56 P.M. Tetanus. 

1.10 P.M. Reflex action ceased, 

1.23 P.M. Muscles of right leg infinitely sensitive. 

1.25 P.M. Muscles of left (poisoned) leg contract with O'75 volt. 

1.39 P.M. Right (unpoisoned) sciatic nerve infinitely sensitive,, 
causes muscular contraction writh less than *0001 volt. 

Kow strych ni a certainly does not kill by paralysis, and yet the 
difference between the poisoned and the non-poisoned sides in regard 
to their nerves was more marked than was recorded in similar experi¬ 
ments made with cobra poison. In another frog this difference was 
very pronounced before the strychnia had ceased to produce tetanus, 
o that it occurs long before exhaustion has taken place. The com¬ 
plete interference with the vital functions produced by tetanus is the 
r^l cause of death, and the deadening of the nerves is simply the 
result of the excessive nervous discharges that have taken place 
through them. Thus, though the trunk or extremity of a nerve may 
be found paralysed, it does not follow that it is the direct action of a 
poison that may be present, or that it was the paralysis that caused 
death. 

In cobra poisoning also it is possible to get very distinct evidence of 
sei:^tion long after the nervous centres of organic life have been so 
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completely destroyed by poison, as to render tbe animal dependent on 
artificial respiration for life. 

In tbis direction another point must be taken into account. It lias 
already been stated that one of the most characteristic features of 
cobm poisoning in the human subject is paralysis of the legs. The 
patient is unable to walh or to stand, though his arms have not as yet 
experienced any loss of power. How, it would be difficult to suppose 
that this was due to the terminations of the motor nerves of the legs 
becoming paralysed, while those of the arms remain unaffiected. It 
is much more probable that the spinal cord is becoming paralysed, one 
of the first effects of which would be that it would lose the power of 
maintaining the tone and necessary contraction in the many complex 
groups of muscles on which the upright posture is dependent. But 
in cobra poisoning in dogs paralysis of the hind limbs without the 
fore is rarely seen. In the vast majority of cases power is lost 
simultaneously in all four members. In those few cases in which it 
has been noticed that the hind legs have suffered first, the animal has 
been bitten on the hind leg, which would always cause a certaiu 
amount of lameness and difficuliy in walking with the hind quarters, 
due to the local effect of the poison. But even with this source of 
fallacy it holds good that in men suffering from cobra poisoning 
paraplegia is a most constant symptom, whereas it is very exceptional 
in dogs. The reason of this great dissimilarity is to be found in the 
different functions of the inferior portion of the spinal cord in the 
two cases. In man the lower portion of the cord is, to a great extent, 
a distinct nervous centre. The gangUa there not only are the centres 
on which the lower limbs rely for their nerve power to maintain the 
upright posture, but the sensation of contact with the ground of one 
foot in walking is translated in these lower centres into a motor 
stimulus to excite movement in the other leg, and paralysis affecting 
these centres would at once destroy the process. But in dogs the 
mechanism is very different- They move the foreleg of one side with 
the hindleg of the other. It is necessary, then, that the centres 
governing the movements in these limbs should be coupled—so to 
speak—together. The stimulus that moves the foreleg of one side 
has to excite simultaneous movement in the hind leg of the other. 
Therefore the posterior extremily of the cord has in the dog merely 
to transmit the motor impulse from the forepart, whereas in man it 
has to translate sensations into stimuli to excite movement, and this 
in man is the first faculty destroyed by cobra poison. It is, therefore, 
probable that the earliest injury inflicted on the nervous system by 
cobra poison is a paralysis of the centres in the lower part of the 
spinal cord. 

The next symptoms of cobra poisoning are very ch^cteristic. The 
patient loses power of speech, of swallowing, of moving the lips, the 
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tongue becomes motionless and bangs out of tbe month, and the 
saliva which is secreted in large quantities runs down the face, the 
patient being equally unable to swallow it or to eject it. It is singular 
that the striking resemblance of these symptoms to the disease known 
as glosso-laryngeal paralysis has not been previously noticed. Now, 
the preponderance of opinion attributes this latter disease to lesion of 
certain tracts in the medulla oblongata. It cannot, therefore, be 
thought anything but reasonable to connect both diseases with paralysis 
of those centres in the medulla oblongata which are so closely associated 
together, and which are in connexion with the roots of the vagus, the 
spinal accessory, and the hypoglossal nerves, and the lower nucleus of 
the facial. But the resemblance does not end here. In both diseases 
the respiration becomes feebler and feebler, and the victim at last dies 
suffocated. In other words the lesion in the one case, and the paralysing 
poison in the other, have invaded the respiratory nucleus so near to the 
centres they have already destroyed, and have thus rendered the respira¬ 
tory act difficult, and at last impossible. Lastly, after all the lower 
centres have been completely paralysed, the one by which connexion is 
made with the second, fifth, and seventh nerves still acts, and the eye is 
closed when touched, and even when approached, after the animal is 
dependent on artificial respiration for life. Bor these reasons it seems 
natural to conclude that the principal action of cobra poison on the 
nervous system consists of an extinction of function, extending from 
below upwards, of the various nerve-centres constituting the cerebro¬ 
spinal system; but in addition to this, there is a special and rapid 
action on the respiratory and allied nuclei, and it is to this special 
action that death is to be attributed in most cases of cobra poisoning. 
In very rapid cases of poisoning, when a very large quantity of poison 
has entered the circulation at once, instead of the gradual extinction 
of function of the cerebro-spinal centres, the poison appears to act 
almost immediately by stopping the action of the respiratory centre. 
There is, of course, no time then to watch the gradual extension of 
the influence of the poison on the nervous system. In these cases, the 
slight stimnlation of the centres which almost always precedes the 
paralysis, instead of being represented by slight irregular contractions 
of the mnsdes, is exaggerated into violent clonic convulsions, but they 
are almost instantly followed by complete paralysis. 

The action of the cobia poison on the respiration is of the deepest 
importance in the light it throws on the special action of the poison, 
and its relation to other poisons- 

The’first change that is noticed in the breathing of an animal after 
the introdnction of cobra poison, is a decided quickening and deepen¬ 
ing of the respiratory movements. Sir Joseph Bayrer and Dr, Brunton 
have shown that this effect is no longer to be perceived after section of 
both vagi. The inhibitory effect of section of the vagi may be too power- 
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1.—Tracings of Respiratory Movements of a Fowl under gradual 
Cobra Poisoning. 



S'ormal respiration. 



Commencing slowmg. 



Slowing. 



Slowing greater. Sudden and abrupt inspiration and expiration. 



Respiratory moyement barely perceptible. 



Convulsions commencing. 




















342 


Dr. A. J. Wall. On the 


[June 16,. 


2.—Eespiratory Tracings from a Fowl that died very rapidly 
W a large dose of Cobra Poison. The tracings are nearly con- 

tinnons. 



Slow and deep but natural respiration. 



Quickened. 



Still more quickened. 



■ Slightly lessened excursus. 



Excursus Tery slight. 



Eespiration ceased—ConTulsions. 
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fnl to alloWi of the accelerating action of the poison being perceived. 
But this quickening, however produced, is merely temporary, and is 
followed by retardation. The simplest form in which to see the effect 
of cobra poisoning on respiration is afforded by the common fowl. 
The stethometric chart, marked ISTo. 1, gives in a concise manner the 
effects of cobra poisoning when the action is very gradual. 

The main points to be noticed are the slight quickening first per¬ 
ceived, and the increase of the excursus. These are followed by 
rapidly increasing retardation with a certain amount of lessening of 
the excursus, though the excursus is less affected than the frequency. 
It is also to be noticed that iaspiration becomes sudden and abrupt, 
and is immediately followed by an expiration equally sudden. The 
movement that remains is, therefore, peculiarly unfavourable for 
respiration. In the end the respiratory movement is entirely abolished, 
and after a pause the convulsions of asphyxia terminate life. Chart 
1^*0. 2 presents some contrasts of interest. It gives nearly the whole 
course of the respiratory movements of a fowl from the injection of 
the poison till death, in a case in which a large amount of cobra 
poison was given, causing death very rapidly. From it will be seen 
how very much more pronounced the acceleration is when a large 
quantity of poison is given, and that when the stage of acceleration is 
passed the excursus is lessened quite as rapidly as the frequency. The 
respirations before the administration of the poison bear to the respira¬ 
tions at their greatest degree of acceleration in the tracing IT a ratio 
of 4 to 7. Chart ISTo. 3 is a series of tracings from a large pariah dog, 
the acceleration followed by retardation, and the accompanying diminu¬ 
tion of excursus are well shown, but the chief points of interest are 
in the tracings of the occurrence of convulsions; they begin by 
regular contractions of the inspiratory muscles, in the period of their 
greatest violence they lose all respiratory character, and then gradually 
fade away in gentler and gentler attempts at inspiration. The cat is 
an a.TtTTna.1 that shows a peculiar power of resisting cobra poison, pre¬ 
senting a marked contrast to the dog. Chart Ko. 4 is from a cat in 
whom this resisting power was well shown. After the retardation of 
respiration is accomplished, it will be noticed that an occasional deep 
respiration occurred; it is as if the animal, aware of its lessening 
fbreathing power, made conscious efforts to assist respiration. A 
Isimilar feature appears to have been frequently noticed in the human 
^ubject under like circumstances. The series of tracings in Chart 
IKTo. 3 shows graphically the instantly destructive character of cohra 
^poison on the respiratory function. They were taken from a dog on 
whom the following observations were made. 

Pxperimerd V, 

A powerful pariah dog had 1 cub. ceutim. of fi^sh cobra poison 
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No. 8.—Tracings of Respiratory Movements of a Dog with Cobra 

Poisoning. 



Normal but deep respiration. 


IT 



Quickened. 
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Iiessened excnrsns. 




MoTement greatly lessened. 
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ConTulsions. 


Termination of convulsions. 
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Ko. 4.—Tracings of the Respiratory MoTements of a Gat under tlie 
Influence of Cobra Poison. 


Komal respiration. 



Quickened by cobra poison. 




Commencmg slowing. 



Occasional deep inspiration. 


\ 


Respiration barely perceptible. 



Con¥ulsions. 
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injected into its sapliena vein. Ko cliange was noticed for thirty 
seconds, at the end of that time normal respiration abruptly stopped, 
Its place being taken by violent and irregular contractions of the 
respiratory muscles. The heart’s action continued strong, but increased 
greatly in frequency. Very soon all movement ceased, with the excep¬ 
tion of that of the heart, which continued acting for about ten seconds 
lon<yer- The whole time from injection to death was under 100 
seconds. 

Chart l^’o. 5 is a continuous tracing of the respiration of this 
animal from the administration of the poison till death. It will be 
seen that the normal respiratory rhythm is suddenly displaced by 
violent alternate upheavings and depressions of the chest walls, and 
that then all movement ceases suddenly. But it will be noticed that 
the convulsions, though of course irregular, have a distinct respiratory 
character. When cobra poison enters the blood rapidly and in large 
quantity, its first action is to stimulate the respiratory centre so 
as to cause more irregular respiratory movements, and then one might 
almost say simultaneously it paralyses it completely, the heart acting 
for a short time longer. This, however, is not the usual course of 
-events. A much more common method is the one depicted in the 
stethometric charts, IsTos. 1, 2, and 3, where a fair amount of cobra 
poison is gradually absorbed, as fi*om the bite of a cobra, and where 
there is in consequence gentle primary acceleration of respiration, 
with gradual lessening of its rapidity and excursus, and ^ death with 
convulsions. In still more gradual cases, the primary acceleration is 
very faint, and the diminution of the respiratory function very gradual, 
and there is often an attempt—^half conscious—^to fight against the 
poison by occasional deep inspirations; at last respiration is arrested, 
and generally withont convulsions, the heart stops after a short 
interval. This appears to he the usual course iu man. 

On the circulation, cobra poison cannot be said to exercise a very 
great influence. The heart nearly always acts for some Httle time 
after respiration has ceased, and if the place of normal respiration be 
-supplied by artiflcial means, the heart will continue acting for very 
many hours. On the temperature, also, no decided effect can be deter¬ 
mined. Th^e may be a slight rise or even fall, but in several cases, 
watched carefully for the purpose, no change was observed. ITor is 
the3^ any noticeable effect on the special senses, the poisoned animal 
app^rs to hear and see perfectly. The pupil of the eye is also 
unaffected, and answers to light. If life he preserved by artificial 
respiration, the pupil remains somewhat contracted. I once noticed 
the pupil remain contacted after death from cobra poisoning, in wMch 
long continued artificial respiration had been resorted to. 

On secretion, generally, cobra poison has great influence; nearly all 
:fiecreting tissues are stimulated by it. The lachrymal glands act 
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No. 5.—ContintLOUs Tracing of Respiratory Movements of Dog from 
tlie moment of Intravenous Injection of Cobra Poison till Deatb. 

’ I V 
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freely, and salivation is a most marked and constant symptom. 
It is rarely absent either in men or in dogs. Saliva often runs in 
streams from the mouth. The whole of the mucous tract is 
also in an active state of secretion. After the stomach has been 
thoroughly emptied by vomiting, the animal will often bring up 
repeatedly large quantities of mucus, and mucous discharges are also 
frequently evacuated from the rectum. The respiratory mucous 
membrane is also similarly affected. Little can be known of its action 
on the liver or kidneys, the time of observation being so short; in the 
more chronic cases the kidneys often act freely, but sometimes there 
is a diminution of urine. 

There is but little evidence of the effect of cobra poisoning on the 
blood. The blood is clearly the carrier of the poison to the system, 
and it is necessary for it to be some short time present in the blood 
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before a physiological effect is prodnced, except in those rare cases in 
which an overwhelming quantity of poison is injected into a vein 
directly. In man, after cobra poisoning, the blood is nearly always 
found incoagulable, though in animals, especially dogs, the blood 
generally coagulates as usual. That there is no great change in the 
blood is evident from the fact that, when an animal has survived the 
nerve symptoms produced by cobra poison, it is found to be quite well 
and to suffer no further inconvenience from blood poisoning or other 
causes. 


Uos^peHment VI, 

A large pariah dog had 6 mgrms. of dried cobra poison dissolved 
in water injected into its hind leg. 

12.12. P.M. Injection. 

4 p.M. Vomited, 

?.30 P.M. Salivated. Looks depressed. 

10.15 P.M. Still depressed; salivation slight; respirations 14. 

12.5 A.M. Still salivated; very depressed. 

8a.m. Very weak, hardly able to walk; all the legs equally 
affected, 

8.26 A.M. Respirations 12; pupils somewhat dilated, but contract to 
light. Site of injection very red, hot, and swollen. 

11.80 a.m., Respirations 15; frothy salivation. 

12 p.M. Rectal temperature, 39° C. 

12.38 P.M. Pulse about 120, extremely irregular; chewing move¬ 
ment of jaw and lips; salivation considerable. 

2.21 P.M, Setter, can walk, salivation ceased; ate sparingly. 

7.80 p.M- Recovering fast. Urinated—no albumen in the urine. 

8 A.M. Seems quite well. Purulent discharge from the site of the 
injection; respirations 20, pulse 120. 

The dog was kept under observation but remained quite well. The 
normal pulse rate was 90 and respirations 28. 

Here, though the most severe nerve symptoms were present, when 
they passed off the animal was quite well, and suffered no further incon¬ 
venience. The same also occurs in the human subject. Dr. Vincent 
Richards relates a case of cobra poisoning, from his own observation, 
in which a man lost completely all power over his legs, was unable to 
sp^k, to move the lips, or to swallow, and where there was profuse 
salivation, and yet after a few hours complete; recovery ensued, the 
man by the next day being weU. The microscope also gives no’evi- 
^nce of structural change in the blood. In cobra poisoning, also, 
albumen in the urine is unknow. In animals that have suffered 
most severely from nerve symptoms in which I have tested the urine, 
albumen has not been present in a single case either fatal or non-fatal. 
When, however, artificial respiration has been performed for some 
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time after apparent deatli, it is not nnnsnal for blood to be present in 
the urine; but if the kidneys are examined in these cases the wonder 
will be, not that blood was found in the urine, but that any urine 
was secreted at all, so great is the renal congestion. This circum¬ 
stance can, therefore, hardly be taken as evidence of blood change 
and coupled with the fact of the rapid recovery that ensues in cobra 
poisoning after the nerve symptoms have passed off, leads us to the 
conclusion that all cases of death from cobra poisoning have their 
■origin in the direct action of the poison on the nerve-centres. 


II -—The Physiological JEJffects of the PoUoiii of the Daboia BrUSselHi. 

The Pahoia Russellii, or Russell’s viper, is selected as being an 
extremely deadly member of the viperine family, and is the best 
known of the Indian vipers. The following experiments show the 
course of the symptoms produced by this snake. 


PJieperiment VIL 

A somewhat small pariah dog had a pulse of 88 per minute, respi- 
i*ations 30, rectal temperature 89® 0. 

3.24 P.31. Bitten by a Pahoia Russellii in the thigh. 

3.28 P.3I. General muscular spasm of the most violent character, 
.all parts of the body taking part. The animal fell down and roUed 
.about in convulsions, even the muscles of the eyeballs being affected 
—jerkiag the eyes about in the strangest way. 

3.30 p.M. Convulsions ceased, complete paralysis of both hindlegs, 
tries to stand, but can only rest on his forelegs. 

3.31-1 p.M. Contractions of muscles of eyeball continue; respira¬ 
tions very shallow, 68; pupils somewhat dilated. 

3.87 p.M. Muscles of eyeball at rest; seems utterly prostrate and 
.unable to move; respirations 40, chieffy abdominal. 

3.4f0 p.M. Respirations 56, shallow, occasionally a deep sigh. 

3.44 p.M. Pupils somewhat dilated but contract to light. 

3.47 P.H. Respirations 67, about every tenth one is very deep, 

3.53 p.M. Pulse 156. 

. 3.56 p.M. Moaning. Temperature 39°*5 C. 

4.1 p.M. Respirations 32 ; sighing and moaning, lying down para¬ 
lysed, sanious discharge from the rectum, pupils widely dilated. 

4.9 p.M. Respirations 36. 

4.12 p.M. Respiration reduced to a quick inspiratory spasm, followed 
by relaxation. 

4.15 P.M. Respirations 16. 

4.17 P.M. Dead. Temperature 39®*4 C, 


2b 2 
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Experiment VIIL 

A small quantity of fresh daboia poison (about 0*1 cub. centim.) was- 
injected into the tbigb of a pariah dog. 

12.20 P.M. Injection. 

12.25 P.M. Very lame in the leg in which the injection was made. 
12.52 P.M. Yery drowsy, unsteady in walking. 

12.54 P.M. Pupils widely dilated; iris only just visible. 

12.56 P.M. Moaning. 

1 P.M. Panting; raised himself to a standing posture, but his legs 
gave way under him, and he fell to the ground. 

1.5 P.M. Yiolent respiratory movements; respirations 28. 

1.6 P.M. Still able to move his head freely. 

1.15 P.M. Tries occasionally to rise. 

1.17 P.M. Moaning. 

1.20 P.M. Moderately loud screams. 

1.25 P.M. Convulsions. 

1.34 P.M. Dead. 

Experiment IX. 

A pariah dog had 5 mgrms. of dried daboia poison injected sub¬ 
cutaneously, dissolved in 1 cub. centim. of water. 

12.56 P.M. Injection. 

1.54 P.M. Quite well. Bespirations 44. 

7 P.M. Ate freely. 

6 A.M. Looks a good deal depressed. Bespirations 48 a minute. 

7.20 A.M. Pupils contracted, panting; respirations 60 a minute. 

8.15 A.M. Panting excessively. 

8.30 A.M. Passed a sanious discharge per rectum. 

8.45 A.M. Respirations 80, excessive dyspnoea, blood oozing from 
mouth. 

9.30 A.M. Dead. 

After death the fatal dyspnoea was found to be dependent on oedema 
of the lungs. 

Experiment X. 

A small pariah dog was bitten in the thigh by a small Eabola 
Miisselliz. 

12.34 P.M. Bitten. 

12.35 P.M. Slightly panting. 

12.35J P.M. Fell over suddenly in violent convulsions, the hind^ 
legs being especially strongly convulsed, pupils contracted. 

12.36 P.M. Slight attempt at respiration. 

12'39 P.M. Dead, 

From these experiments it will be seen that there is a great 
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diyersitj in tlie symptoms between different cases of d.aboia poisoning. 
Tlie animal may fall down at once in convulsions and expire as in 
Experiment X, or it may never bave any nerve symptoms at all, bnt 
die many bonrs after from a remote affection as in Experiment IX. 

Tbe following experiments throw light on the causes of these 
differences. 

Experiment XL 

A pariah pup had about 0*1 cub. centim. of fresh daboia poison 
injected subcutaneously into the shoulder. 

12.52 p.M. Injection. 

1 P.M. Yomiting. 

1.4 P.M. Can stand but cannot walk. 

1.8 p.m. Cannot stand; moaning. 

1.11 P.M. Slight sanious discharge from the rectum. 

1.15 P.M. Short rapid respiration with an occasional deep inspira¬ 
tion. 

1.80 P.M. Eespiration very slight. 

2.6 P.M. Dead. 

Experiment XJJ. 

A pariah pup of the same litter as the one in the last experiment, 
and as nearly as possible of the same size, had 0*3 cub. centim. of fresh 
daboia poison injected into its shoulder subcutaneously. 

1.31 P.M. Injection. 

1.35 P.M. Fell over in convulsions. 

1.37 P.M. Unable to stand. 

1.45 P.M. Lying down, is quite paralysed, but occasionally groans. 

2.1 P.M. Totally unconscious. 

2.16 P.M. Respiration failing. 

2.29 P.M. Dead. 

In these two dogs, which were of the same age and size, the daboia 
poison was injected into exactly the corresponding part of each, and 
subcutaneously; but, in the latter experiment, three times as much 
poison was injected as in the former case. This was the only differ¬ 
ence in the two experiments, and the result was that the animal which 
had the larger quantity of poison suffered in four minutes from violent 
convulsions, and from that time was quite paralysed; whilst the other 
only gradually became paralysed, and had no sign of convulsions at 
all. The poison in both cases was from the same viper, and extracted 
at the same time. In the same way it can be proved that an equal 
quantity of poison injected into two animals of different sizes will kill 
the small one almost instantly in convulsions, but will only cause 
death after a long interval, and without violent symptoms, in the 
larger one. Daboia poison, therefore, commences its constitutional 
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action by causing convulsions, though a certain proportion of animals 
•mil escape them through an insufficient quantity of poison having 
been injected. It should be stated here, that the preliminary effects 
of the poison differ only in degree from those of cobra poisoning. The 
local pain appears to be peculiarly acute, and the accompanying 
inflammation exceedingly severe; and, from the amount of blood¬ 
stained serum effused, might almost be said to have a ‘‘specific*’ 
character. 

The contrast between the effects of the two poisons comes out 
singularly clearly when birds are selected as the subject of ex¬ 
periment. 

JEoiperimmt XIIL 

1 cgrm. of dried daboia poison was dissolved in 1 cub. centim. of 
distilled water, and the solution was injected with great care just 
beneath the skin of the leg of a fowl. 

3.10 P.M. Injection. 

3.11 P.M. Slightly lame in the leg in which the injection was made.. 

3.12 P.M. Violent convulsions. 

3.12| P.M. Dead. 


JSxj^eriment XW. 

1 cgrm. of dried cobra poison dissolved in 1 cub. centim. of distilled 
water was injected just beneath the skin of a fowl. 

3.30 P.M. Injection. 

3.34s P.M. Drowsy. 

3.36 P.M. Beak resting on the ground; unable to stand; eyelids 
closed, ptipils contracted, 

3.37 P.M, Unable to lift its head from the ground. 

3.40 P.M. Convulsions. 

3.42 P.M. Dead. 

In these two experiments the greatest care was taken to ensure the 
conditions being exactly the same; yet, with daboia poison, the bird 
died in two and three-quarter minutes with only the occurrence of 
convulsions; while, with cobra poison, it died after twelve minutes^ 
and went through the regular course of paralysis. The convulsionsr 
therefore, are not dependent upon the injection of a large quantity of 
poison directly into a vein. The next point to be determined is 
whether the convulsions are due to asphyxia^ like those that often 
occur after the cessation of respiration from paralysis in cobra 
poisoning. 


Xicpefrime7it XY. 

A fowl had ii® trachea opened, and a tube in connexion with a 
bellows for artificial respiration inserted into it. 2 cgrms. of dried 
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daboia poison in solution were tben injected subcntaneonsly into its 
leg. Immediately on tbe injection being completed, artificial respira¬ 
tion was commenced. 

2.23 P.M. Injection. 

2.23^ p.M. Artificial respiration commenced. 

2.26 P.M. Convulsions, in wbicb. tbe bird died. 

Here, tbongb ample means were employed to keep tbe blood oxy- ' 
genated, tbe bird died at once in convrdsions. Tbe convnlsions of 
asphyxia tbat occur after tbe paralysis of cobra poisoning are removed 
by artificial respiration. It is clear, therefore, tbat tbe convulsions of 
daboia poisoning are ^primary, and in no way due to defective aeration 
of tbe blood. 

Tbe convulsions are exceedingly violent in character, tbe whole of 
tbe voluntary muscular system being affected, even to tbe muscles of 
tbe eyeball. Sometimes, but rarely, tbe convulsion is tonic, tbe 
muscles clasping, as it were, tbe frame of tbe victim. Tbe convul¬ 
sions may be due either to tbe direct action of tbe poison on tbe 
muscles, or on the muscular terminations of tbe nerves, or on tbe 
central nervous ganglia. Tbe following experiment determines 
this. 

JEJxjperimeiit XYL 

A fowl was placed under tbe infiuence of chloroform, and its right 
crural nerve divided; tbe left crural nerve was tben isolated, and 
a ligature placed round aU tbe other structures so as completely to 
obstruct tbe circulation, but tbe nerve was left uninjured. Tbe 
moment tbe bird became conscious, a small quantity of solution of 
daboia poison was subcutaneously injected into tbe tissues at tbe 
back of tbe neck. Almost directly after, convulsions occurred, but, 
in these convulsions, tbe muscles suppHed by tbe right or divided 
nerve took no part, remaining perfectly flaccid, while tbe muscle of 
tbe left leg were violently tetanized. Here tbe muscles of tbe right 
leg wbicb were freely supplied with tbe poisoned blood, but tbe nerve 
to wbicb was divided, escaped tbe convulsions; while those of tbe left 
leg, wbicb bad no contact with tbe poisoned blood, but whose nerve 
was still in communication with tbe central nervous system, took part 
in them. It is evident, therefore, tbat tbe convulsions depend upon 
tbe direct irritation of tbe central nervous system by tbe poison, and 
in no way on tbe contact of tbe poison with tbe muscles or with tbe 
terminations of tbe nerves. 

These primary convulsions occur in from one to ten minutes after 
tbe infliction of tbe bite, and they may have any degree of severiiy, 
from those producing almost instant death to merely a few mus¬ 
cular twitcbings. Tbe course of tbe symptoms after tbe convulsions 
also varies. Respiration may never be thoroughly re-established, tbe 
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dying very soon, or respiration may recommence, but com¬ 
plete general paralysis is found to bave supervened, and the animal 
dies of consequent asphyxia. It may happen that, for a short time, 
the victim recovers completely from the convulsions, ■walking about 
for a few minutes as if nothing had occurred, but the fatal paralysis 
is only delayed for a short time. 

It appears as if daboia poison acted somewhat differently in different 
classes of the animal kingdom. Birds are most easily affected, and 
next to them come the Lacertilia. 

JEjxjperiment XVIL 

About 0*4 cub. centim. of fresh daboia was injected beneath the 
skin of the upper surface of the tail of a large specimen of Galotes 
versicolor. 

The respirations were 54 per minute. 

3.49 P.M. Injection. 

3.51 P.M. Convulsions. 

3.52 P.M. Quite paralysed. 

3.53 P.M. Respirations 12 per minute. 

3.56 P.M. Respirations 4 per minute. 

3.59 P.M. Dead. 

Mammals also are very easily affected by the convulsion-producing 
properly of the poison, whereas the Amphibia only have symptoms of 
gradual paralysis. 

Experiment XVIIL 

A medium sized frog (^Bana tigrina) had 1 cgrm. of dried daboia 
poison in solu-bion injected into its dorsal sac. 

1.12 P.M. Injection. 

4.30 P.M. Violent respiratory efforts. 

4.39 P.M. Fast becoming paralysed. 

4.53 P.M. Completely paralysed. 

5.11 P.M. Dead. 

Though birds are so sensitive to the agent in the poison that pro- 
duces these nervous discharges, that it is difficult to poison them at 
all'without the occurrence of primary convulsions—1 mgrm. often 
producing them—^yet by heating daboia poison in solution to 100° C. 
it loses con^letely the power of causing this symptom even in them. 

Experiment XIX. 

5 cgrms. of driid daboia poison in solution were heated for a short 
time to 100° C. The solution was then injected subcutaneously into 
the leg of a fowl. 

12.27 P.M. Injection. 

12.34 P.M. Seems drowsy, eyes closed. 



1881.] Poisons of certain Indian Venomous Snahes, 355 

12.45 P.M. Breatlimg rapid. 

12.47 P.M. Respiration failing, comb becoming pnrple. 

12.49 P.M. Lying down, bead drooping. 

12.50 P.M. Fallen over on its side; respiration fainter. 

12.53 P.M. Gasping. 

12.56 P.M. Convnlsions. 

12.58 P.M. Convulsions lessening. 

12.59 P.M. Dead. 

Here, tbongb tbe amount of poison injected was more than fifteen 
times that required to cause almost instant death from convulsions, 
simple exposure to a heat of 100° 0. completely altered the symptoms. 
They were those of gradual paralysis which caused the respirations to 
cease, and the convulsions which occurred at the end of the paralysis 
were simply the expression of carbonic acid poisoning. They were 
secondary, and no longer primary. Even with the abolition of primary 
convulsions, however, the symptoms difiered materially from those of 
cobra poisoning. 

Should primary convulsions not occur the history is that of advanc¬ 
ing paralysis. The respirations and pulse become greatly accelerated, 
and there is gradual loss of power in all the limbs; vomiting may 
occur. Sanious discharges issue from the rectum and other parts. 
The pupils are usually widely dilated, and the respirations become less 
and less, and may cease with or without convulsions. 

But there is a third form of death from daboia poisoning, quite 
unlike anything that is seen in cobra poisoning. It occurs in those 
cases in which but a very small quantity of poison indeed has been 
injected. The animal has very few nervous symptoms, very likely 
none at all; but on the second day he appears ill, refuses food, has 
diarrhoea, his urine contains albumen, and he may linger on in this 
state for days, dying exhausted, or some acute complication may super¬ 
vene as in Experiment IX, causing death rapidly. In that case it was 
an oedematous condition of the lung that proved fatal, whereas in a 
case recorded in the “ Indian Medical Gazette ” (June 1, 1872), it 
was a haemorrhagic condition of the system generally. The snake 
was evidently from its description the Bahaia Bussellii, or its congener 
the Bckis carmata. 

A Mahomedan, forty years of age, was bitten by a snake on the 
finger. The bite was soon after incised, and stimulants given. The 
hand and arm became much swollen, and on the same day he passed 
blood by the. rectum, with his urine, and he also vomited blood. The 
next day he was sick, and was stiU passing blood from all the channels. 
In this state he remained eight days, losing blood constantly, and dying 
in consequence exhausted on the ninth day. 

in this case no symptoms occurred for many hours, but when they 
did supervene they increased in severity till the man died from 
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lisemorrliage. There was no paralysis or any other special symptom. 
The case presents in every detail a complete contrast to Dr. Richard's 
case of cobra poisoning, where for some hours the patient was in the 
greatest danger from nerve symptoms, and yet the next day made a 
ftdl and complete recovery. 

This chronic form of daboia poisoning occurs whenever only a small 
quantity of daboia poison is injected. 

Experiment XX. 

A cat had about 5 mgrms. of daboia poison in solution injected into* 
its leg. Wo symptom was noticed for about twelve hours, when it 
became ill, refused food, had diarrhoea, and remained in this state till 
the fourth day, when it died. 

In regard to the paralysis caused by daboia poison, there a few 
points to be observed. It certainly supervenes earlier than in cobra 
poisoning, but it does not extinguish the respiratory function nearly 
so soon. Paraplegia is occasionally noticed in dogs, especially if the 
hind legs have been much convulsed. It is probably due to exhaustion 
of the conducting elements of the cord by ’the violence of the con¬ 
vulsion-producing discharges. Care, however, should be taken not 
to confound it with inability to use the hind quarters occasioned by 
the pain of the local injection, which appears to be peculiarly severe. 
Again, the paralysis of the lips, tongue, larynx, and pharynx, which is 
so marked a feature in cobra poisoning, is absent in daboia poisoning.. 
The tongue, instead of being pendulous, is retracted, and the larynx, 
so far from being paralysed, gives utterance to loud screams, often as 
long as life lasts, as in Experiment VIII. It is as if the poison exerted 
its paralysing influence on the main motor tract, and had not that 
marked affinity for the respiratory and allied centres that cobra poison 
has; a conclusion borne out by the way in which it commences its 
action, and by the time it takes to extinguish the respiratory 
function. 

The course of the respiration in daboia poisoning is of necessity as 
varied as there are modes of death from the poison. Chart Wo. 6, 
from a fowl, gives a typical example of respiration when the primary 
convulsions are fatal. It contains nearly all the chest movements 
from the moment of injection till death. The first sixteen respirations 
are normal, the excursus is then slightly increased, and a slight 
retardation is to be observed; then without farther warning, the most 
violent convulsions took place, and with them life was extinguished.. 
It affords corroborative evidence of the fact, that asphyxia has nothing 
to do with the causation of the convulsions, as respiration is perfectly 
well performed up to the moment of their occurrence. Chart Wo. 7 
is from a fowl that was poisoned by daboia poison, which had been 
heated in solution to 100° C., and so deprived of its power of causing 
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No. 6.—Tracing of Respiratory Movements in Fowl under the 
Influence of Baboia Poison. 



Respiration alter the injection of the poison, but stfll normal. 



Slightly exaggerated breathing, suddenly interrupted by conTulsions. 


ConTulsions. 


End of convulsions. 


convulsions. The acceleration of the respiratory movements is most 
remarkable, as is also the way in which the excursus is exaggerated 
and maintained; it is only at the very end of life that the respiratory 
movement is diminished. 

Chart No. 8 is from a dog, to which sufBcient poison was not given 
to cause convulsions. The very much greater acceleration of the- 
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No. 7.—Tracing o£ Bespiratory Movement in a Fowl under the 
Influence of Daboia Poison that had been heated to 100° C. 


1 




Normal. 


m 




Oreafc acceleration. 


m 
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G^reat acceleration with increased excursus. 


Lessened excursus. 


respiration than can be caused by cobra poisoning is seen, the respira¬ 
tions in I and III being as two to five. Bnt in IV, a singular condition 
is to be noticed, that is exceedingly common in daboia poisoning. It is 
a pecnharly d^p inspiration, followed immediately by expiration. It 
occnrs generally once in every ten or fifteen respirations, and at a 
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Ho. 8.—Tracings of Respiratory Movements of Dog nnder Daboia 

Poisoning. 


I 


Hormal respiration. 


II 


Acceleration. 


' 




Eespiration still quicker. 


1 \'' 



Irregular respiration. 



Eespiration slowing. 





End of respiratoiy morements. 
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time when tlie animal is often profoundly unconscious. It is quite 
cliaracteristic of daboia poisoning, though it is nofc always present, 
sometimes the whole body taking part in the movement. After the 
primary convulsions have occurred, it is exceedingly rare for death to 
be preceded by the convulsions of asphyxia, the respiratory function 
•appearing gradually to fade away, as in the tracing YI. 

In its influence on the temperature and circulation, daboia poison 
-does not differ materially from cobra poison.. But while cobra poison 
has no effect on the pupil of the eye, wide dilatation is always, or 
nearly always, to be seen during some stage of daboia poisoning. The 
iris is sometimes barely visible during the primary convulsions. Over 
secretion, daboia poison has also some power, though less than cobra 
poison, and the mucous discharges are nearly always largely mixed 
with blood. But salivation, the constant accompaniment of cobra 
poisoning, is almost unknown in daboia poisoning. Out of. a large 
number of experiments, I have only seen it once, and in this case it 
was by no means marked, and might easily have been overlooked, 
unless special attention had been paid to its occurrence. 

In daboia poisoning there is a good deal of evidence to be considered 
as to the effect of the poison on the blood. It is almost universally 
found after death, that the blood has been rendered uncoagulable, the 
only exceptions being when the animal has died almost instantly in 
•convulsions, or in those cases where the animal has struggled for a 
long time against the poison, when the coagulation will be found to be 
imperfect, as if an attempt towards restoring the normal condition of 
the blood had been made. Even in rapid cases of daboia poisoning, 
we have proof that the relation of the blood to the tissues is altered. 
In Experiment YII a sanious discharge occurred thirty-seven minutes 
after the infliction of the bite. So grave are these changes in the blood, 
that they are by far the most frequent causes of death in daboia 
poisoning (Experiments IX and XX). The hsemorrhages chiefly take 
place from the rectum and kidneys, but I have seen them from the 
mouth, and even the skin. 

In cobra poisoning albuminuria is unknown, but in every case of 
daboia poisoning in which symptoms were present, and in which six 
hours elapsed before death, I have detected albumen in the urine. It 
is generally not in large quantity, but it is qmte unmista^eable. 

JSxperiment XXL 

A solution of about 5 mgrms. of daboia poison was injected into a 
dog. ^ 

4 P.M, Injection. 

8 A.M. Xo symptom. 

4 P.M. 5 mgrms, more of daboia poison injected. 

.9.E0 P.M. Affected; respirations SO; pnpils widely dilated. 
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6 A.M. Depressed and ill. 

3 P.M. Passed some albamiiioiLS urine. 

9^p.m. Diarrlicea. 

12 P.M. Urine albuminons; still very ill. 

As it was clear that the animal would sufEer the usual prolonged 
course of blood-poisoning, more poison was injected to shorten life. 

1.30 P.M. Injection. 

8.17 P.M. Cannot stand. 

3.20 P.M. Bespiration failing. 

8.29 P.M. Dead. 

There is evidence, therefore, that daboia venom is a most severe 
blood poison, producing death when not administered in sufficient 
quantities to cause serious nerve symptoms, and that it is even possible 
for death to occur early from this cause alone, nerve symptoms not 
having supervened. 

Conclusions .—^The regular course of the symptoms of cobra poison¬ 
ing IS slowly advancing general paralysis, coming on after a well- 
marked interval without symptoms, with special paralysis of the lips, 
tongue, larynx, and pharynx, and complete destruction of the 
respiratory function. Death is often attended by convulsions, which 
depend on asphyxia. 

Daboia poison commences its action by inducing violent general 
convulsions, which are often at once fatal, or may be followed im¬ 
mediately by paralysis and death, or may also be for a short time 
recovered ftom, paralysis and death following later. These convul¬ 
sions do not depend on asphyxia, and they may be absent if only a 
small quantity of poison has been injected. The paralysis that 
succeeds is general, and lasts a considerable time before respiration 
is extinguished, and there is no special paralysis of the lips, tongue, 
larynx, and pharynx. 

Cobra poison very quickly destroys respiration; after slight ac¬ 
celeration the respiration becomes slower, and the excursus is lessened. 

Daboia poison at first quickens the respiration very much mor^ than 
cobra poison does, and the lessening of the excursus, and the retarda¬ 
tion of the respiratory movements do not occnr so soon. 

Daboia poison invariably kills birds and reptiles at once in con¬ 
vulsions ; cobra poisoning only after paralysis. 

The effect of cobra poison on the pupil is so small as to be a matter 
of doubt; daboia poison causes wide dilatation of the pupil. Salivation 
is a constant symptom in cobra poisoning; it is exceedingly rare in 
daboia poisoning. 

The effect of cobra poison on the blood is not great, sanious dis¬ 
charges are rare, albuminuria has not befen seen, and should the 
patient not die ftom the paralysis, recovery is perfect and complete, 
no symptom being left in a few hours. 
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In dahoia poisoning, sanions discharges are the rule; albuminuria 
is always found, should the victim live any time, and after the nerve 
symptoms pass over, the subject has to go through a period of blood 
poisoning little, if at all, less dangerous than the primary symptoms, 
from which he may die as late as the end of the second week. 

Lastly, the physiological properties of daboia poison undergo great 
change by its being heated to 100® 0. in solution, whereas cobra 
poison remains unaltered. 


IL On Pendent Drops.” By A. M. Woethinoton, M.A. Com¬ 
municated by Professor B. Stewart, F.K.S. Received 
May 16, 1881. 

[Plate 7.] 

About two years ago I was led to examine the forms of pendent drops 
of liquid by a method of great simplicity, which seems capable of 
being used with considerable accuracy for determining the value of 
the surface tension. 

Previous observers, so far as I am aware, have observed only the 
weight of drops which fall, and, making this the basis of calculation, 
have endeavoured to find the infi:uence on the size of such drops, of 
the rate of influx of liquid, shape of terminal, as in the case of 
Dr. P. Guthrie,* or to ascertaiu the value of the surface tension of the 
liquid as in the case of Professor Quinckef and M. Dupre. 5 

Under no circumstances, however, is the weight of the drop which 
falls exactly the weight of the volume which it is necessary to know 
in order to ascertain the value of the surface tension, though under 
certain circumstances it approximates thereto. Hence we find that 
Prof. Quincke rejects this method of finding the tension, or recom¬ 
mends it only where other methods fail ;§ albeit all his results obtained 
by this method are vitiated by an. assumption to which I shall have 
occasion to draw attention. The principle of the method which I will 
now describe is simply to project a magnified image of a drop pendent 
from a cylindrical tube on to a screen, and there to trace its outline 
at ^y required stage of its development. 

A vertical cylindrical glass tube. A, whose lower end is ground 
truly flat and with a sharp edge, communicates by means of a bulb or 
wider tube, B, and a piece of india-rubber or lead tubing, 0, with an 
air-tight syringe, D, some 10 or 12 feet away. For the usual syringe 
piston a cup of mercury, E,- is substituted, which can be gradually 

♦ « On Drops.*’ By Dr. E. G-uthrie. “Proc. Roy. Soc. ” vol. 13, p. 444. 

t “ PoggendorjBTs Annalen,” tol. cxxxv, p. 621. “ Phil. Mag.,” 1869. 

J « Tb^orie Meeanique de la Cbaleur,” p. 332. 

§ Loc, p. 637, § 12. 
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raised or lowered by a rack and pinion-screw, so as to serve as a 
perfectly air-tiglit piston. 

Fig. 1, 



By means of an Argand lamp, P, whose light is condensed by the 
lens G, a magnified image of the end of the tube is thrown by the 
lens H, npon a piece of white paper, I, fixed on the wall of the room 
near the syringe. 

K is a plate-glass cell filled with water to keep off the heat of the 
lamp. 

A supply of the liquid to be observed is drawn up into the bulb or 
wide tube B, by means of the syringe, or more conveniently by means 
of an india-rubber bulb, L, interposed for the purpose between B and 
D. 

The tube A is then carefully wiped on the outside with a clean 
linen cloth, and the observer standing by the paper gradually expels 
the liquid by raising the mercury cup, and a drop is extruded which 
wets the whole of the bottom of the tube, the outline of which he 
traces on the white paper with a finely-pointed lead penpil, at any 
stage of which he desires a record, up to the point of rupture. 

This tracing affords all the informatioiAiecessary for calculating 
the value of the surface tension, the amount of magnification being 
known from the ratio of the diameter of the tube to that of its image 
on the screen. 

As the first few drops expelled are apt not to wet the whole of 
the base of the tube thoroughly, and therefore to be rather smaller 
than those which follow, it is well to let one or two fall off before 
taking a tracing if a series of ontlines at different stages is required. 

The tube A can be exchanged at pleasure for others of different 
diameters, and when it is wished to observe the form of a drop of one 
liqnid pendent in another, the latter is placed in a plate-glass cell with 
parallel sides, and the tube A dips into it. 

The figures of the Plate are tracings (reduced one-half) obtained in 
this way with different liquids and tubes of various diameters, and 

VOL. sxxii. 2 G 
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show the manner in which the form of the surface alters with the 
growth of the drop. 

The instability of the figure close to the point of rupture makes it 
difficult to trace the outline correctly quite to that point. 

. The short horizontal line below the drop shows the maximum depth 
attained before rupturej and the area enclosed by the last outline that 
could be drawn correctly, and the one which is nearest the limit of 
stability is shaded for the sake of distinctness. The dotted outline, 
generally the innermost, shows the amount of liquid which remained 
adhering to the tube after the separation of the lower portion. 

It may be worth while to mention here that where the liquid wets 
the whole of the base of the tube the form and dimensions of the out¬ 
line were found to depend on the external and not at all on the 
internal diameter of the tube. 

One of the first points that strikes anyone inspecting these figures 
is, that the maximum depth attained varies surprisingly little with the 
diameter of the tube. 

An early series of observations on this point made with insufficient 
magnification showed so slight a variation that I was led to suppose 
that the maximum depth might really be constant and independent of 
the size of the tube, and to seek for an empirical formula involving 
only the physical constants of the liquid to express this depth.* 

Greater magnification, however, shows that this is not the case; that 
the maximum depth diminishes on the whole with the size of the tubej 
but is rather less, in a drop pendent from a plane surface of indefinite 
extent than in one hanging from a tube just narrow enough for the 
drop to attach itself at the edge. 

Another point that attracts immediate attention is, that whereas 
the form of drops of different liquids hanging from the same tubes 
differs materially (compare, for example, water and turpentine), yet 
drops of (say) turpentine hanging fcom narrow tubes are similar in 
form to water drops hanjing from wider tubes. 

That this would be the case has been already shown from theoretical 
considerations by M. Dupre,t who has also pointed out the ratio be¬ 
tween the diameters of the tubes that corresponds to complete simi¬ 
larity of the drop form for two different liquids. 

* A very close approximation is given by the formula— 

Maximum depth=f7r 

which was suggested by the equation to the generating curve. 

t “ Theorie Mecanique de la Chaleur,” p. 329. 

The following method of finding the ratio of tnbe-diameters, necessary for the 
symmetry of drops of different liquids, being rather simpler in form than that given 
by M. Dupre, may be welcome to some readei*s. 
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It will be observed that with wide tubes the inelmation w^hich the 
extreme element of the curve makes with the horizontal base of the 
tube gradually increases as the drop is expelled, till it separates; but 
with narrower tubes it passes through a maximum value, which may 
be greater than 90®, after which it diminishes again. 

Professor Quincke has shown that the angle of contact between a 
given liquid and solid in air is definite and constant. This, however, 


Xahing the vertex as origin, and the axis of revolution as the axis of y, the equa¬ 
tions to the generating curves of the two liquids may he written— 


\ pi p i/ Ki 
\ Pa p'^/ 1^2 


where Ti and T.i are the surface tensions. 

Pip'i and the principal radii of curvature at any point, 

El and Ej ^re the radii of curvature at the vertices, 

Bi and are the densities of the liquids. 

If these curves are symmetrical, the ratio between all corresponding lines must be 
lihe same, and remembering that p'l and p'j, the radii of the curvature due to revolu¬ 
tion, are the normals drawn from the curve to the axis, and therefore corresponding 
lines in the plane of the paper, we have— 

1^2 P2 p's y' * 

whence, writing E^i^EsE, pi=p 2 K, &c., in (i), and dividing by (ii), we have— 

_ 

“ W2 p's 

4)r ^x‘—=^ k:, 

Xs K Di ' 

whence 

T 2 D 1 


‘•“V TsD,' 


The empirical formula of the note to page 364 contains the experimental verification 
of this result, and shows in addition that the limit of stability is reached at corre¬ 
sponding stages by drops that develop similarly, or that this limit does not depend 
on the absolute dimensions of the curve. M, Dupre’s tacit assumption that this will 
be the case seems to me hardly legitimate. 

M. Dupre makes extremely sagacious use of the relative weight of drops whose 
forms while hanging are similar, for finding the surface tension. 

My observations, however, go to show that the depths of residual liquid are not 
usually proportional to the other linear dimensions, and that any such use is not 
certain to lead to results that are more than approximately correct. 

2c2 
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is in no way inconsistent witli the variation just noticed, for the angle 
at which the liquid leaves the tube is practically indeterminate at the 
sharp edge of the glass where the liquid can select and attach itself to 
some elementary portion inclined at the required angle. But this 
constancy of the real angle of contact accounts for the fact that if a 
very narrow tube be used, the drop will spread up it on the outside 
before separating. As soon as the angle between the extreme element 
of the curve and the vertical side of the tube is equal to this definite 
angle of contact the spread will take place. 

It will be noticed, especially with wide tubes, that the base of the 
drop suffers but little change after a certain point. 

The concavity, however, of the upper portion is seen to deepen before 
the liquid separates, but the drop remains suspended after this deepen¬ 
ing has begun. 

It is very difficulb to tell precisely where separation takes place, since 
it is accomplished generally with great rapidity, but I am inclined to 
think that it occurs at the place of greatest concavity. 

Sometimes the small secondary drop (observed by Dr. Gruthrie) is 
seen to follow the main drop. This was very noticeable in the case of 
water dropping through petroleum, where separation is effected com¬ 
paratively slowly. The point at which this small drop is first seen 
serves, in this case, to determine fairly accurately the place of separa¬ 
tion. There can be no doubt that this secondary drop is due to the 
spontaneous segmentation of the cylindrical neck of liquid, which joins 
the upper and lower portions up to the last moment before complete 
separation takes place; and that it is the same phenomenon that was 
first ol^erved and explained by Mr. Plateau in his experiments on 
cylinders of mercury.* 

It is obvious that if drops are extruded in rapid succession there 
will be a considerable influx of liquid through this residual neck into 
the lower portion after it has begun to separate, and that the drops 
which fall will on this score be larger. 

Since, however, the velocity of the inflowing liquid will produce a ♦ 
pressure on the lower portion of the drop, tending to hasten separa¬ 
tion, it is to be expected that a definite increase in the rate of influx 
will produce a greater effect on the size of the drop which falls off 
when the rate of dropping is slow than when it is fast. 

These considerations go far to explain the results of Dr. Guthrie’s 
experiments on the influence of the rate of dropping on the drop size. 
It is further evident that an influx of liquid, after separation has 
, begun, only complicates the phenomenon, and that it is from a study 
of the curve, when the influx is zero, that we are most likely to obtain 
an insight into the manner and cause of separation. 


Statique Expgriuientale des liquides.' 
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Perliaps a statement of tlie physical circumstances under which the 
drop develops and separates, in the light of the information afforded 
by the tracings, may not be ont of place here. 

The cohesion of a liquid, as is well known, manifests itself in a 
uniform internal compression (A) which may conveniently be regarded 
as transmitted from the surface, and, in addition, a surface tension 
(T) which produces a further pressure proportional, at any point of 
the surface, to the sum of the reciprocals of the principal radii of cur¬ 
vature at that point, so that the total pressure at any point of the 
surface may be written, 

A+Tfl+l). 

\p P / 

The value of the last term may be positive or negative, according to 
the nature of the curvature, but the total pressure must always be 
positive, indeed the term A is always relatively very great. 

The surface acts in many respects like a membrane stretched uni¬ 
formly in all directions, and in the case of a pendent drop, the liquid 
within may be regarded as sustained by the tension of this skin. 

On ordinary hydrostatic principles the pressure must be the same 
at all points in the same horizontal plane, from which condition the 
equation to the generating curve is at once obtained— 

l(l+^)=.+,D, 

where the axes are those of the figure, D the weight of the unit 
volume of the liquid, and c a constant expressing the pressure due to 
curvature at the base of the drop where y=0. 

Fig. 2, 



If we take the radius of curvature in the plane nf the paper as /?, 
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then f>' is the radius o£ the curvature due to revolution round the axis 
of y, and is equal to the normal PM. 

It is possible to obtain, by inspection of the curve, some notion of 


the value of the total curvature as measured 


by(l-f4) 
V p y 


to which the 


pressure is proportional. 

The length of the normal p is of course capable of exact measure¬ 
ment, while that of the radius of curvature p may be obtained approx¬ 
imately by striking the circle of curvature. 

At a point of recurvature,. i=0, and the normal alone determines- 

P 

the pressure. 

If the reader will trace in this way, in one of the figures, the value* 
of the total curvature from the vertex of the drop to the base of the- 
tube at different stages of extrusion, and will, in the case of some one 
liquid, compare the final values attained before separation, when tubes 
of different diameters are used, he will perceive that, before the drop 
has attained its maximum size, the tension of the surface seems to 
press the contained liquid against the end of the tube. But, as the drop 
increases in size, the tension is more and more exerted in supporting 
the additional weight of liquid, and this pressure at the end of the 
tube diminishes; and that this pressure at the base, when the drop 
separates, is greater with small tubes than with wide ones, and is 
obviously still positive in the case of water hanging from the narrower 
tubes. 

But, with a wide tube, the final value of the total curvature that is 
attained before rupture is obviously less than with a narrow tube; and, 
by the methods of measurement, which will be described in the sequel, 
it was found that, as the diameter of the tube is increased, the final 
value of the curvature becomes gradually smaller, zero, and then 
increasingly negative, and here the term A in the expression for the 
pressure 

A+T(i+4) 

\p p J 


gives meaning to the whole expression which would otherwise be nega¬ 
tive and meaningless. 

Up to the point at which the curvature at the base is greater than 0 
everything would have gone on the same, even though this term A 
were non-existent,* the tension of the surface sufficing for the support 
of the drop; but, at this point, the tension ceases to be sufficient, and 
is aided by the true internal cohesion of layer for layer of the liquid, 
and the a^esion of eajch unit of area of. the liquid for the solid base 


* This is only mathematically, not physically, conceivable. T is really a function 
of A, and would cease to exist with it. 
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witli whicli it is in contact. Tlie extent to which this portion of the 
cohesion is called into play in sustaining the weight of the drop, is 
measured by the amount of negative curvature abeve-mentioned. 

Direct evidence of this negative curvature is easily obtained by allow¬ 
ing a drop to hang from the end of an open vertical tube of narrow bore, 
into which a supply of liquid is led by a fine capillary thread; as the 
drop grows the head of liquid supported may be observed to diminish. 
Owing, however, to the smallness of the change, the slowness with 
which the meniscus in a fine tube adjusts itseK, and the liability to 
alteration of the surface tension of the drop through long exposure, 
the method cannot be used with advantage for measuring the curva¬ 
ture. 

It is important, however, to notice that there is not any physical 
breach of continuity, or critical point reached, when the pressure at 
the base becomes zero or negative, which can influence the separation 
of the drop. For there is no reason to suppose that the small negative 
pressure finally attained at the base of the drop, varying as it does 
with the diameter of the tube, represents any physical limit of the 
cohesion, which is probably very great. 

Hence, it is clear that the separation of the drop is to be attributed 
to the surface becoming unstable for small oscillations, rather than to 
the cohesion being in any true sense overcome by the force of gravity, 
and that the cleavage of the drop is analogous to the cleavage of the 
unduloid or cylinder first studied experimentally by M. Plateau. 

It is necessary to insist on this point, for it has been apparently 
misconceived by Professor Quincke, who has endeavoured to deduce 
the value of the tension by equating the weight of the drop which 
falls to the. tension multiplied by the circum f erence of the tube or 
cylinder from which it hangs, the latter being taken so small that the 
drop hangs with the uppermost element of the liquid vertical. (See 
fig. 3.) 

The nature of his proceeding will be best seen from the following 
quotation.^ 

Pig. 3. 



* Prom a paper communicated to tbe Eoyal Academy of Sciences at Berlin, 
May 28, 1868, and translated in “Phil. Mag.,” 1869, by Professor Jack. ‘The 
italics SLii‘ my ovai. 
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W 

“ The equation (7) - —=T, 

iilTT 

is true also for drops formed at the mouth of a vertical pipe on the 
asmiyyption that in consequence of the gradual accession of new fluid the 
same ^pressure is found in the interior fluid at the mouth of the^ijpe as in 
a level Ji^dd surface'^ ‘‘ The drop goes on increasing till W=0, or till 
the highest element of the fluid is vertical, and then it falls oft. 

“ If the radius of the cylinder on which the drop is formed be very 
small, the weight of the portion of the fluid which remains hanging 
may be neglected, and the weight of the portion of the drop which 
falls may be treated as the W in equation (7).” 

He is here speaking of a drop pendent from a tube so small that it 
wets the outside and hangs as in fig. 3. It is, however, obvious that, 
under such circumstances, the surface of the liquid, where vertical, 
shares the curvature of the tube, and that the equation of equilibrium 
should be 257rT=W l-the pressure on the area of the section of 
radius r, 

or 27rrT=W-b?rr3_^, 

r 



wr 


In other words, Professor Quincke’s value of the tension is precisely 
half what it ought to be. Hence, the very low value that he obtains 
for the surface tension of water by this method, *0548 as compared 
with *08253 by other methods. 

He applies the same equation to Professor Guthrie’s experimental 
data, although indeed it is not applicable to the larger terminals used 
by the latter, so that the approximate agreement of the results with 
those obtained by other methods is really due to a fortuitous cancelling 
of errors.* 

I will now explain the manner in which the tracing may be used 
for evaluating the pressure at the base, and determining the value of 
the tension. 

It is convenient to assume first that this pressure is zero, then to 
introduce in the value of T the correction which is found from an 
examination of the curve to be necessary. 

Assuming then thai the pressure ai the base is zero^ it is evident that if 
any horizontal section of the drop I© made, the vertically resolved 
part of the surface tension across the circumference of this section is 
equal to the weight of the portion of the drop below the section, plus 
the pressure of the head of liquid reaching from the section to the 
bottom of the tube multiplied by the area of the section on which it 
act®. 


* “ Pogg. Ann.,” vol. cxxxi, p. 137. 



On Pendmt Drops. 


371 


1881.] 


Thus if— 

r be the radius of the section, 

B the mclination of the tangent to the axis of revolution, 

H the head of liquid in centims., 

Y the volume of the part below the section in cub. centims., 

T the surface tension in grams per linear centim., 

D the weight in grams of 1 cub. centim. of the liquid, 
then T cos d X (Y+5r?*2H) D, 

qi_ (Y 

S^rcosB 

r and H were measured carefully with compasses and a millimetre 
scale, which could be read by estimation to tenths of millimetres, and 
cos B was determined directly by the same means after drawing the 
tangent to the curve. Y was obtained by dividing the area below the 
section into narrow horizontal strips, whose dimensions were measured 
with scale and compasses, and the volume of the solid generated by the 
revolution of each, considered as the frustum of a cone, was calculated. 
It was found in practice that the bottom part of the curve is generally 
so nearly circular that the best way is to strike the circle of which it 
is the arc, for other parts of the curve lines, ruled at a distance of 
5 or 10 millims. apart (when the magnification was about fifteen times 
linear), gave a sufficiently accurate approximation, it being impossible 
to distinguish from straight lines the small portions of the curve inter¬ 
cepted between each pair. 

It was easy, by marking the depth, to take two or more independent 
tracings at exactly the same stage of extrusion, and superposition of 
these showed very complete agreement, and gave confidence in the 
result; moreover, the symmetry of the tracing on the two sides of 
the axis affords a check on the accuracy of the drawing. The tangent 
is most easily drawn at a point of re-curvature, or where the curvature 
in the plane of the paper is small; on the other hand, an error in the 
value of cos B increases in importance as B increases. 

These considerations should influence the choice of sections. 

Treating in this way the curve of a drop of olive oil hanging in air, 
the following values were obtained for the surface tension at the 
different* sections (1), (2), (3), and (4), which are arranged in order 
of increasing area. 

Ti=*049401, 

T2= *051215, 

Ts=-057775, 

T4=*065063. 

The discrepancy at once shows that the assumption of no pressure 



372 


Mr. A. M. WorthiBgton. [June 16^ 

due to curvature at the base is wrong, and that the pressure is in reality 
negative, and that each value of the tension requires to be diminished 
bj a correction which, being proportional in each case to the area of 
the section, will afEect the higher values most, the smaller least. If 
we call the unknown pressure due to curvature at the base c, and 
introduce this in the equation, it becomes 

T cos 9 X 27rr = (Y 4- ^rr^H) D— 

27rr cos 9 2 cos 9 ’ 

so that we have now four equations for determining T and c, viz., 


T=T3+ 


2 cos ^ 3 * 


T=T3+ 


r,^c 
2 cos 


T=T^+ 


2 cos 9^ 


any two of which are sufficient. 

Combining these equations by the method of least squares so as- 
to obtain the most probable values of the unknown quantities, we 
get 

c=—* 0994!3 grm. per square centim,, 

T= *03373 grm. per hnear centim., 

and using these values to calculate the most probable values of the- 
observed quantities T^. Tn, &c., we have 


Calciilated. 

Observed. 

Ti=: -04936 

•04940 

T2=-05121 

•05181 

T3= -05777 

•05688 

T4= -06506 

■06588 


It remains to observe that, as will appear in the table of results,, 
the pressure due to curvature at the base was found to be negative 
even where the drop hung from a plane surface of indefinite extent 
which it wetted entirely. 

It must be admitted that the surface here (see fig. 1, Plate 7) really 
passes into a continuous plane where the curvature, and consequently 
the pressure due to curvature, is zero; and that, nevertheless, at an 
indefinitely small distance below this, the pressure due to curvature 
is undoubtedly negative. 
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The explanation is, I think, to be found in the fact that the liquid 
film which wets the surface, is, by reason of the contact, in a modified 
condition, viscons and unable to transmit pressure like the rest of the 
liquid.’^ The existence of such modified covering films seems to have 
been well established by Professor Quincke.f 

I have endeavoured to lessen the labour of calculating the volume 
of liquid supported by the tension at any section, by cutting out of a 
uniform sheet of card the area by whose revolution round the axis this 
volume is generated. The magnitude of this area was found by 
weighing, and the position of its centre of gravity by balancing on a 
knife-edge, from which, by applying the well known Property of 
Guldinus,’’ the volume of the solid was at once obtained. Owing, 
however, chiefly to the unequal thickness of even the most uniform 
material, whether card or metal foil, that I could procure, the results 
obtained in this way were liable to differ from those obtained by the 
previously described method of integration by 1 or 2 per cent., so that 
the method cannot be recommended. I have, however, retained in 
the following table the measure of T obtained in this way for water in 
a particular case, and have also inserted for comparison the values thus 
obtained at different sections of a chloroform drop. The table con¬ 
tains the record of results obtained in the way described. 

In most cases a tube was used, the diameter of which is recorded, 
instead of a plane surface of indefinite extent, since it was found 
difficult to prevent the drop from gliding about and getting out of 
focus, when pendent from the latter. 

The temperature (when recox’ded) is that indicated by a thermo¬ 
meter placed close to the drop. 

The surface tension (T) is expressed in grams per centim. 

Olive Oil (density '92129). 

Indefinite plane. Temperature about 18° C. 


Calculated. 


Observed. 

Ti= -04935 

.... 

•04940 

T3= -05121 

.... 

•05181 

T3= -05777 

.... 

•05688 

T4= -06506 

T= 

-0994S 

-03373 

•06538 


* It sometimes seemed to me that the rest of the liquid started out of this film 
at a small hut definite angle, of which I obtained the following measures in the case 
of turpentme hanging from a flat iron terminal, which it wetted to an indefinite • 
distance18°, 20°, 21°-5, 20°*5,19°*2 mean 19°-84. 
t “ Phil, Mag.,” June, 1878. 
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Alcohol (density ‘8001). 


Diameter of tube *9525 centim. Temperature about 18' 

Calculated. 

Observed. 

Ti= -03396 

• -03415 

T2= -03617 

-03583 

tI= -03821 

-03834 

c=--05596 


T= -02686 


Eussian Turpentine {density *8679). 

Diameter of tube 1*163 centim. Temperature about 18‘ 

Calculated. 

Observed. 

Ti= -040185 

-040354 

T2= -042123 

-042088 

T3= -046613 

•045749 

c=- -081236 


T= -028179 


Ciiloroform (density 1*61294). 

Diameter of tube *9626. Temperature about 16°. 

Drop No. 1. 


Calculated. 

Observed. 

Ti=-037113 

•037354 

T3= -039542 

•039239 

T3=-048582 

•048644 

c=- -04438 


T= -03025 


Drop No. 2. 


Observed. 

By -weigbing. 

Ti= -02983 

•02921 

T2=-03034 

•02949 

Ts=-03074 

•03005 

T,= 

•02958 

%= -03046 

•02966 


T=inean= -03034 
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Here tlie difference between tbe values at different sections was so 
small tbat c was neglected and tbe mean taken. 


Water. 


Diameter of tube *9525 centim. Temperature — 


Calculated. 

T^=: *098829 
T2=: *092912 
T3= *098829 


Observed. 

*098804 

•09324. 

•098804 


c=-* 07625 
T= *080056 


Diameter of tube *9525 centim. Temperature about 18^ C. 

Ti= *078802 
T3= *077588 ' 

T3= *078349 
T4= *078592 

Here tbe difference was so small tbat tbe correction was neglected 
and tbe mean taken— 

T= *078327. 

In saturated air. Temperature about 15® C. December 4, 1880, 
Diameter of tube 1*252 centim. 


Calculated. 


Observed. 

Ti= •093?'6 

.... 

•09377 

T3= -09677 

.... 

•09648 

Ts= -010005 

.... 

*010001 

c~ — 

-12547 


T= 

-07359 



Water (continued). 


Indefinite plane. 

Calculated. 
Ti= *10158 
T2= *10999 
^3= -11528 


October 15, 1880. 

Observed. 

•10142 

•11023 

•1152*2 


c=~ *11600 
T== *07383 
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By weigliing. 

Diameter of tube *9525, Temperature 4® 0. 

Calculated. Observed. 

Ti= *07598 .... *07516 

Torr *07685 .... *07797 

T3= *07930 .... *07897 

c=- *03030 
T= *07180 

It will be observed that the values of T for water vary very con¬ 
siderably. Moreover, on no occasion bave I obtained so bigb a value 
as the mean *08253 deduced by Professor Quincke by tbe method of 
flat bubbles. 

The agreement of the measures is in each case so close as to leave no 
doubt that the surface tension of the liquid really differed con¬ 
siderably on different occasions. I have at present no better explana¬ 
tion of this to offer than the fact that the surface tension of water is 
particularly liable to diminution by exposure to the impurities of the 
atmosphere. 

To aid a comparison of the method with that of flat drops or 
bubbles, on which Professor Quincke seems chiefly to rely; I append 
a table giving the values of the tensions by the two methods in 
parallel columns. It is to be observed that the liquids used are often 
not quite the same, as is indicated by the difference of density. 

The name of the observer is signified by the initial letter. 


Density. 

2?'ame of substance. 

Surface tension in grams 
per centim. 

Q. 

W. 

Q. 

W. 

Water. 1 

1 

•08253 

•0718 to -08005 

lleoliol. -7906 

•8001 

•02599 

•02586 

Turpentine. *8867 

•8679 

•03030 

•028179 

Olive oil. *9136 

*92129 

•03760 

•03373 

Chloroform. 1 *4878 

1*5129 

•03120 

•03025 


Professor Quincke’s result in the case of water is the mean of seven 
measures ranging between *0800 and *0892; that for turpentine is 
the mean of eight ranging from *0284 to *0318; that for olive oil is 
the mean of seven, ranging from *03617 to *04113, 

The method of flat drops and bubbles is, as he himself points out, 
only approximate, since the curvature due to revolution is neglected, 
and is liable to give results that are rather too high. 
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The method which I am advocating is open to no snch objection ; 
it is moreover rapid, allowing little time for the alteration by exposure' 
of the surface under consideration, and it is independent of the very 
difficult determination of the contact angle of liquid and solid, which 
enters into some other methods. 

At the same time the results are probably not so accnrate as could 
be obtained by the use of photography for recording the form of the 
drop. 

I am in hopes of obtaining, by its means, results which may, in some 
measure, serve to verify the fundamental assumptions of the theory on 
which the value of the so-called surface tension is calculated. 

Of the phenomena, to which I have ventured incidentally to call 
attention, that of the approximate constancy of the drop-depth, re¬ 
quires closer investigation than I have been able to give it, as it seems 
to offer a very satisfactory means of obtaining a first approximation 
to the value of the surface tension. In all experiments on this sub¬ 
ject the scrupulous cleanliness so absolutely necessary renders pro¬ 
gress slower than many would suppose, which is my excuse for pre¬ 
senting an investigation, which I trust may be found useful, though 
obviously incomplete. 


ni. ‘‘ Postscript' to the Chronological Snmmaiy of Methods of 
Computing Logarithms in my Paper on the Potential 
Eadix.” By Alexander J. Ellis, B.A., F.R.S., F.S.A. 
Eeceived May 18, 1881. 

After the publication of my “ Chronological Summary of Methods of 
Computing Logarithms,’’ in the “Proceedings” for 3rd February, 
1881 (vol. 31, pp. 401-407), Mr. Isaac Todhunter, F.E.S., kindly 
pointed out to me an almost unknown pamphlet by Greorge Atwood, 
F.E.S., inventor of “Atwood’s Machine,” which he informs me is 
not mentioned even by Dr. Thomas Young, in his account of Atwood. 
A copy of the pamphlet is in the library of the Eoyal Astronomical 
Society, and at the request of Mr. Peter Gray, F.E.A.S., was kindly 
lent to me for inspection. The following account of this important 
and little known work should be inserted in my summary, on p. 403, 
between 1771, Flower^ and 1802, Leonelli :— 

1786. Atiuood, George, F.E.S. “An Essay on the Arithmetic of 
Factors, applied to various computations which occur in the practice of 
numbers.” This is essentially a method, when any number A is given, 
of finding factors, M, _p, q, r, s, t, such that A x M being very nearly 
=1, of the form *9 ... or 1*0..and p, q, r, s, t being of the form 
l±*0n^ (where Oa means n successive zeroes, as in the notation of my 
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+ 

paper, or, as Atwood writes 1. \_n'\h or 1. [^^]^') then l==AMj29g;r5]{,, 
to any required numlber of decimal places. Atwood works to .13- 
places to secure 12, and applies tlie result to extraction of roots, &c., 
as well as to tke computation of logarithms and anti-logarithms, 
which can alone he noticed here. It is evident that when these factors 
are once found — log A=log M+log p + log g + . . . to any base, and 
that^, g, &c., and logjp, log <&c., will be numbers and logarithms 
in a positive or negative numerical radix (vol. 31, p. 398) according 
as jp, q, &c., are of the form 1 + or 1 — ‘O^Jc. 

If B=the first or two first figures of lO'^-J-A, then we raay take 
M=B-r-10^ where n is the number of places in the integer of A, or 
—is the number of zeroes between the decimal point and the first 
significant digit. This determination of M is an anticipation of 
the ‘‘reciproques approches” of Thoman, 1867, and Atwood’s Table 
IV of the values of B is equivalent to the two first columns of 
Thoman’s Table I, and of Hoppe’s Table TV. The number is thus 
reduced to the form *9 ... or 1*0 ... 

Taking the first case, where the reduced number is less than 1, 
Atwood multiplies it “up to 1,” which is a revival of Flower’s 
reflected rule, with which Atwood was clearly not acquainted. But 
instead of retaining the reduced number in the form *9..., and 
finding the factors 1*0,as Flower did, by taking m = the excess of 
9 over the corresponding digit in the number, Atwood transforms it 
into the form 1-^.0..,, by subtracting each digit, except the last, 
from 9, and the last from 10. This is an anticipation of Hoppe’s 
artifice, 1876. In this case the values of m in I’Om^ are the succes¬ 
sive digits of 1—*0 ... themselves. 

The product of the resulting factors, say, 1*04, I'OgG, l' 04 l (or in 
Atwood’s notation 1. [1]4, 1. [3]6,1. [4]1), were not written as a pro¬ 
duct but as 1*04061, the line underneath indicating that it is not a 
decimal fraction, and the position of each digit indicating the number 
of preceding zeroes in the corresponding factor. The figures under¬ 
lined correspond precisely to Flower’s “line of ratios.” To find the 
nat. log of this product 1*04061, Atwood observes that it is very 
nearly *04061, which, however, is too large, and requires correction, 
being in fact the sum of the first terms of the nat. logs of the factors. 
This correction he finds by assuming that log l*0el = *0Ql to 13 
places, and similarly for all smaller numbers, which determines the 
kind of logarithm, and then he finds the logarithms of larger num¬ 
bers in his radix by resolution into factors. Finally he tabulates only 
the differences or * 0 „W 2 —nat. log (l + ’0„7?2<) in his Table I, which is 
thus identical with Hoppe’s Table III to the first 13 places. By this 
table and resolution into factors, Atwood calculates log B (where B 
consisis of two digits, and is between 1 and 10), and his Table III, 
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the equivalent of Hoppe’s Table II, and (-with the snhstitntion of natural 
for tabular logarithms) of Thoman’s Table I, col. last. Atwood’s 
first case is therefore precisely the same as Hoppe’s method, having 
identical tables but a different arrangement of computations and 
notation. 

Taking the second case, where the reduced number is greater than 1, 
Atwood multiplies it “ down to 1.” The process of finding the 
factors is precisely that of Weddle, 1845 ; Hearn, 1847; Thoman, 
1867; and Wace, 1873; exemplified in my former paper (vol. 81, 
p. 400). The product of the factors (1—*04), (l—’OgO), (l—'O^l), is 
+ . 

written 1- 04061 , for which might be substituted 1—*04061, where 
— *04061 is the sum of the first terms of the natural logarithms of the 
factors, which in this case are all negative. Hence on calculating a 
table of — *0»m —nat. log (l—*0a»i), which is easily done by the 
first case, we find the corrections. These are given in Atwood’s 
Table II, which has not been given by any subsequent writer, because 
Hearn and Thoman, using tabular logarithms, gave the complete 
value of the tab. log of the factors, instead of corrections for the 
first term. 

Hence it appears that Atwood, 1786, rediscovered Flowex'’s method, 
1771, but transformed it in the manner carried out ninety years later 
by Hoppe, 1876; and not only anticipated Weddle’s method, 1845, 
but showed the connexion of the two methods, as that of multiplying 
the reduced number “ up to 1 ” in the first case, and “ down to 1 ” in 
the second. To Atwood, then, must be attributed the real discovery 
of these methods, their correlation, and their subordination to a 
general principle of an arithmetic of factors,” and the merit of 
having calculated his tables, as he says (p. 36), “without reference to 
the hyperbola, binomial theorem, or any fiuxional process, by multi¬ 
plication only, the elementary properties of ratios and of powers and 
their indices being granted.” 


Eeeata. —^The following slight errors escaped correction in my former papers : 
voL 31, p. 397,1. Ij for The preparation read In Ex. 2 the preparation; same page, 
1.18, for Here read In Ex. 3; p. 398, 1.15 from bottom, for Wolfiamm read 
Wolfram; p. 399, 1 . 6 , read paper, by the positive numerical radix, and dele L 9 ; 
p. 405,1. 9 from bottom, read (supra, p. 382) ; p. 406,1. 6 , read *Gray; 1,19 

fiom bottom, read fPimio; ibid., 1.17 from bottom, read Petersburg 5 and 1. 9 
from bottom, read Thesaurus, and p. 409,1. last, read gives (on p. 412). 
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IV. Note on the Spectrum of Carbonic Acid.” By Charles 
Wesendonoe: (Berlin). Communicated by Professor Helm¬ 
holtz, For. Mem. R.S. Received May 16, 1881. 

The well-known spectrum first observed by Swan at tbe inner 
cone of a number of flames produced by burning liquid and gaseous 
combinations of carbon, has been ascribed by Messrs. Attfield* and 
Wattst to the element carbon itself; while several other natural philo¬ 
sophers, amongst whom I only mention Messrs. Thalen and Angstrom, J 
P. Smyth, Liveing§ and Dewar, || believe it to be due to some com¬ 
bination of carbon with hydrogen. The fact that the bands and 
lines of Swan’s spectrum are seen even when oxide or binoxide of 
carbon is made luminous in a Geissler tube by means of an electric 
current, the last-named gentlemen explain as being caused by ‘the 
gases not having been entirely deprived of all moisture when intro¬ 
duced into the vacuum tube. I therefore believed it to be not 
altogether without interest to make some experiments on carbonic 
acid dried with the utmost care. For this purpose I used a mercurial , 
pump, as invented by Professor Toepler, with some slight changes in 
the original construction indicated by Dr. Hagen,^ which enables us 
not only to obtain the most perfect vacua, but also to avoid every 
cock or junction by slided pieces, which must be greased in order to 
be hermetic, so that no vapours and gases containing carbonic matters 
arising from the grease, either by increase of temperature or by the 
electric current when passing the vacuum tube, would render impure 
the carbonic acid, as is the case with the common Geissler |fumps. 
Carbonic acid was produced in the well-known manner from marble 
and diluted muriatic acid in a Kippian apparatus, well washed with.. 
water in a large Woolf’s bottle, and then sent through concentrated 
sulphuric acid, three tubes of JJ form containing chloride of calcium, 
and a double tube half filled with anhydride of phosphoric acid. To 
this last tube were fastened, by means of sealing, two Geissler glass 
cocks, being on the other side fastened by sealing to a valve of sul¬ 
phuric acid, that prevented all vapours coming from the cocks from 
entering the vacuum tube. After all air had been driven and pumped 
out of the whole apparatus, the spectrum tube was evacuated to the 
highest possible degree, in order to "free it from all moisture adherent 
to the sides of the glass. This, however, was found to cause some 

* “ Phil. Trans.,” vol. 152, 1862. 

t “ Phil. Mag.,” Ser,.4, vol. 38, 1869. 

J “ Kova Acta. TJpsal.,” Ser. 3, vol. 9. 

§ “Phil. Mag.,” (5),8,1879. 

11 “ Proc. Roy. Soc.,” vol. 30,1880. 

^ “Wiedemann’s Annalen,” Neue Folge, Bd. 12,1881. 
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difficulty, for the green hydrogen line was seen with great constancy 
in high Taena, even if not the least trace of it could be remarked 
when the carbonic acid spectnim could be seen brightly. I soon 
recognised that the more the gas had been deprived of moistnre, the 
further had the exhaustion to be carried on to render the said line 
visible again, but for a long time I could not get quite rid of it. By 
repeatedly filling and exhausting the vacuum tube, in doing which the 
gas naturally was only permitted to pass very slowly through the 
phosphoric anhydride tube, and the spectrum tube was heated to the 
highest degree possible, I at last arrived at such a degree of perfect 
dryness as no more to give any trace of the fatal green line, not even 
if the tube was exposed to high temperature; this, indeed, always had 
the"^ect of driving into the vacuum some matter adherent to the 
sides of the glass, and causing the illumination of the tube, when this 
had been so far exhausted as no longer to permit any current to pass, 
to reappear. But the brilliant mercury spectrum seen under such cir¬ 
cumstances showed nothing of a hydrogen line. Nevertheless, after 
this exceedingly high degree of dryness had been obtained, when there 
was some gas admitted into the spectrum tube and this again ex¬ 
hausted, the fatal line was feebly seen, showing clearly that the gas 
had not been entirely deprived of its moisture by its passing through 
the system of drying apparatuses. I therefore finally only experi¬ 
mented with such carbonic acid as had been in perpetual contact with 
the phosphoric anhydridOrduring at least twelve hours, and it was not 
till now that I got rid of every trace of the hydrogen lines. When 
making the experiments that I believe to be decisive, I always took 
care to convince myself, by rarefying, not only that the gas had 
remained perfectly dry, but also that the current had not introduced 
any trace of hydrogen or hydrocarbon when passing through the tube; 
*for both would have been discovered in the high vacuum by the 
appearance of the green line, the spectrum of hydrogen being by no 
means oppressed by that of carbon in such a vacuum, as I most clearly 
observed when experimenting with olefine gas, which in a very rarefied 
state shows from the beginning of the current’s passage a very dis¬ 
tinct spectrum of the first order of hydrogen, besides the one of carbon. 
If the bands and hues observed by Swan really belonged to hydro¬ 
carbon only they could not have appeared in our case, but they did 
appear very distinctly and clearly, as soon as the density of the gas 
became great enough to oblige the current to pass as a spark 
through the vacuum tube; and even not less brightly was Swan’s 
spectrum seen at much lower pressures by using a Leyden jar. The 
capillary tube in which the said spectrum alone was seen was then 
wholly filled by the luminous discharge; no real spark appeared in 
this case, while the wide parts of the spectrum tube showed 
Watts’ second carbon spectrum. It is these last-mentioned experi- 

2 D 2 
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meats only, made by use of a Leyden jax, that I believe to be 
decisive, and to prove irrefutably that Swan’s spectrum cannot 
ascribed solely to -bydrocarbon. As to the phenomenon sbo^ by 
sparks, it is not quite so convincing; for, acceptmg Wul^er s* 
iLas, one could object that the spark affeetmg only a set of^r^lecdes 
of infijaitely small transverse section could have carried forth from the 
electrodes an exceedingly small quantity of hydrogen, which would 
onite escape observation when expanded throughout the whole vacuum 
tube but would be sufficient to induce the hydrocarbon spectrum m 
the l^e of the spark. This explanation, however, I do not think to be 
at all probable. The tube used in these experiments was of common 
size; the ends of the electrodes, which were of aluminium, had a to- 
tance of about 15 centims. from one another. Some results, differing 
from those just mentioned, were obtained in a wide spectrum tube 
without capillary tube, the ends of its electrodes being distant about 
3 centims. from one another. The spark then no longer exhibited 
Swan’s spectrum, even when the carbonic acid was not dned with 
the utmost care, as in the above-mentioned researches; but there 
were seen the enlarged maxima of Watts’ second spectrum, which I have 
shown by some researches, of which a short account has been published 
in the “Berlin. Monatsb.,” 1880, p. 791, to be generally due to the 
continuous form of discharge, according to the nomenclature of Messrs. 


Thalen and Angstrom. If the density of the gas was still increased, 
there flashed a very brilliant line spectrum, never before observed by 
me, in a tube of common size. These facts, at all events, show that 
there exists some relation between the different orders and forms of 
spectra and the conditions of discharges (probably, according to my 
opinion, the quantities of electricity sent through the unit of space in 
the unit of time, till now unknown to us) that will doubtless become 
clear as soon as the causes governing spark discharges shall be better 
recognised—a subject on which Sir W. Thomsonf says that it is 
diffictilt even to conjecture an explanation. 


V. “The Wave of Translation and the Work it does as the 
Carrier Wave of Sound.” By John Soott EtrsSELL, F.E.S. 
Received Jime 13,1881. 

Synopsis, 

Short history of the wave of translation discovered by me in 1832-3. 
Investigation of its shape, nature, speed, and difference from aU other 
waves in its character as a solitary carrier wave. 

^ WtiUner, “LelirbueTi der Experimental Physik,” voL 2, p. 260, &c. 
t Papers on ** Electrostatics,” &c., p. 24i7. 
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Tlie application of tliis solitary wave in air to tlie carrying of sound. 

Errors of tlie phrases in general nse for the explanation of the con¬ 
veyance of sound. 

My theory of the mode in which sound is propagated as distin- 
guished from the mode of its creation. 

Consideration of the aerial wave of sound, its analogy to the solitary 
wave in water. 

The dejpth of the air ocean and iis correspondence to that of the 
water ocean. 

The speed of the solitary or carrier wave in each element. The speed 
is due to the depth. What happens in the interior of the solitary 
wave in water ? The same motions take place in the same nature of 
aerial wave. 

Elucidation by the comparison of three equivalent oceans. 

Similarity and dissimilarity between the oscillating waves and the 
carrier or sobtary wave. 

Musical sounds in their melodic and harmonic relations to this 
wave, hfumerical nomenclature of sounds. 

How the message of the sound wave is delivered to the brain. 


VI. “On the Effect of Electrical Stimulation of the Frog’s 
Heaii, jand its Modification by Cold, Heat, and the Action 
of Dnigs.” By T. Laudee BEXnsiTON, M.D., F.K.S., and 
Theodoee Cash, M.D. Received May 16,1881. 

(Abstract.) 

Erom the results of the recorded experiments conducted on the 
frog’s heart in its normal position and still exercisiog its circulatory 
function, we have found— 

I, That electrical stimulation by a single induced shock has either 
an obvious effect on the contraction and rhythm of the organ, or no 
such eiEect is apparent. 

n. That the effect is modified by— 

(a.) The time of the cardiac cycle in ivhick stimulation falls. —Thus 
Marey has already shown that a so-called refractory period is demon¬ 
strable under certain conditions,* Well-marked variations in latency 
when the stimulation is potent to induce a systolic contraction are to 
be recognised. 

(b.) The strength of the stimulation ajpplied, —Refractory periods 
possible under minimal stimulation can no longer be demonstrated 

* The conditions of this refractory period, or “ period of diminished exeitahility,’* 
have been very fully investigated by Pr. Burden Sanderson and Mr. Page. “ Proc. 
3ioy. Soc.,” vol 30, p. 373. 
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nnder maximal, whilst a distnrhance of the relationship of auricular 
and ventricular contractions may be indnced. 

(c.) The area of the heart to which stimulation is ap;plied, —A refrac- 
tory period demonstrable nnder stimulation of the ventricle may cease 
to occur when the sinus venosus is the seat of irritation. 

(d.) The action of heat, cold, and drugs. —Thus cold prolongs the 
systole, the refractory period, and the latency of an induced contrac¬ 
tion ; whilst strychnia, leaving the curve of systole unaltered, lengthens 
the refractory period to a marked degree. 


VII. On the Action of Ammonia and its Salts, and of Hydro¬ 
cyanic Acid upon Muscle and Nerve.” By T. Lauber 
Brtjnton, M.D., F.R.S., and Theodore Gash, M.D. Re¬ 
ceived May 26, 1881. 

(Abstract.) 

Ammonia. —The curve caused by stimulating either muscle or nerve 
is prolonged. Fatigue increases this prolongation much more rapidly 
than it would do in the case of a healthy muscle. The viscosity, 
or residual contraction, remaining after active contraction is much 
more increased in the case of direct (muscle) than of indirect (nerve) 
stimulation. 

Chloride of Ammonium. —^A powerful, though slightly lengthened, 
contraction occurs on direct stimulation. The muscle, as stimulated 
from the nerve, yields a few (if any) lengthened and feeble contractions, 
and then ceases to respond altogether to stimulation. 

Nitrate of Ammonium. —The nerve, in this case, is not more affected 
by the poison than the muscle. If the poisoning be very complete, 
neither direct nor indirect stimulation has any effect; if it is not so, 
the curve is observed to be prolonged. In the case of both, but 
especially in that of the directly stimulated muscle, the contraction 
remaining after stimulation is very extensive. 

Nitrite of Ammonium. —^If poisoning be complete, no reaction occurs 
either on direct or indirect stimulation; if not, the curves of both are 
much prolonged, even more so than in the case of the nitrate. The 
rapid repetition of stimulation causes the curve to become enormously 
prolonged, whilst the viscosity after the active contraction is much 
increased. 

Cyanide of Ammonium. — Stimulation of the nerve produces no 
effect whatever; whilst that of the muscle causes a considerable 
though prolonged curve. Viscosity is much increased. The curve of 
hydrocyanic acid alone, yielded by both direct and indirect stimulation, 
is prolonged, but it neither shows the length nor the viscosity of the 
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cyanide muscle curve; whilst its nervous contraction is still powerful 
in contrast to the ntter loss of excitability in the latter. 

The latency varies in the case of the different salts of ammonia. 
Thns, in stimulating the nerve, it is mnch lengthened in the chloride, 
and still more so in the cyanide—^if the muscle be examined soon 
enough to yield response to nerve stimulation—^it is increased slightly 
by ammonia, and by its nitrate and nitrite. In direct stimulation, the 
latency appears to be increased in the cyanide nitrate and nitrite, un¬ 
altered in the chloride and hydrocyanic acid, and unaltered or slightly 
decreased in the early stages of poisoning by ammonia. 


Ym. On Stratified Discharges. YI. Shadows of Striae.” By 
William Spottiswoode, President E.S., and J. Fletcher 
Moulton, F.R.S. Received May 27, 1881. 

One of the most interesting questions connected with the subject 
of stratified discharges is this: What is the physical, as distinguished 
from the electrical, nature of the striae themselves? Are they, in 
fact, to be regarded as aggregations of matter possessing greater 
density than the gas present in the dark spaces, or are they to be 
considered as indicating merely special local electrical conditions? 
The fact of their having a definite configuration, especially on the 
side which is turned towards the negative terminal of the tube, that 
of their temperature being higher than that of the dark spaces, the 
manner in which they are affected by solid bodies, and other considera¬ 
tions, all tend to give support to the view that the striae are loci of 
greater density than the dark spaces. Still it can hardly be said that 
as yet any experimental proof of this has been given, suJB&ciently 
decisive to decide the question conclusively. And it is in the hope of 
contributing something towards the solution of this question that 
the following experiments are submitted to the notice of the Royal 
Society. 

In the former papers of this series (“ Proc. Roy. Soc.,” vols. 23, 27), 
and in our memoirs “ On the Sensitive State of Yacuum Discharges” 
(“ Phil. Trans.,’’ 1879, p. 155, and 1880, p. 561), we have described 
experiments which show how a discharge through a tube, whether 
sensitive or non-sensitive, may be affected in various ways by inter¬ 
mittent discharges a}) extra. In the experiments now to be described 
the problem has been reversed, and it has been proposed to ascertain 
how far such an external discharge can itself be affected by the 
internal one. The discharge ab extra, however, presents such feeble 
luminosity, that it is not possible to come to any certain conclusions 
on this head by direct methods. But, as has been before pointed out, 
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the intermitten6 discharge ab extra is eminently calculated to produce 
Crookes’ green phosphorescence, and the effect produced on this 
phosphorescence by the striae of the internal discharge proves to be 
not only well marked, but even striking, and of this we now propose 
to give an account. 

In the second of the two memoirs above quoted, Section 14, we 
studied the effect of intermittent inductive action of an impulsive 
type upon continuous discharges.” In the present instance the instru¬ 
mental disposition was not very different from that which was there 
described. The two terminals of a Holtz machine were connected in 
the usual way with the two terminals of the tube, so as to produce 
a stratified discharge. A narrow strip of tin-foil, or a wire, was 
stretched along the tube opposite the column of striae, but not extend¬ 
ing mach beyond it. The reason for the latter precaution will be 
mentioned below. The positive terminal of a second Holtz machine 
(in practice we used for this purpose a Toppler machine) was connected 
with the tin-foil, and the negative terminal with one (either) terminal 
of the tube. An air-spark, or interval across which sparks could pass, 
was interposed in the part of the circuit between the machine and the 
tin-foiL The effect of this arrangement was similar to that described 
in our first memoir, p. 170, viz., in the interval between two sparks 
■the tin-foii and tube became charged like a Leyden jar; the tin-foil 
being the outer coating, charged positively, and the gas inside serving 
as the inner coating, charged negatively. When the spark passed 
across the interval mentioned above, the jar (^.e., the tube) became 
discharged, and the electricity previously held bound on the two 
coatings was set free. 

When the first (say the “ internal ”) machine was not working, or 
when it was disconnected, f.e., when no regular discharge was passing 
through the tube, then, whenever a spark passed at the second (or 
‘‘external”) machine, a negative discharge with its accompanjing 
Crookes’ radiation took place from the inside of the tube next the 
tin-foil, and the opposite side of the tube became covered with a sheet 
of green phospfiorescence (the tube being of German glass). The 
' length of the sheet was equal to, or very slightly greater than, that of 
the tin-foil strip, while the breadth was measured by the angular 
dispersion from the strip, as described in the second memoir. 

"^en, however, other things remaining as before, a discharge from 
the internal machine was sent through the tube, and a good stratified 
column was produced, it was found that the green phosphorescence was 
entirely cut off from the parts of the tube opposite to the striae, while 
on the parts opposite to the dark spaces it remained, in the form of phos¬ 
phorescent rings, at least as brilliant as before. The experiment was 
repeated with various tubes with various degrees of strength of current, 
and with various densities of gas (produced by heating a chamber of 
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potash in connexion with the tube). It may be added that when, as is 
sometimes the case, through greater exhaustion, the striae became 
feebler in illamination and less compact in appearance, the shadows 
cast by them lost proportionally in sharpness o£ definition and in 
completeness of extinction of the phosphorescent light. 

The reason for not extending the tin-foil beyond the colnmn of strise 
is, that when this is done the negatwe discharge from inside the strip 
combines with that going on in the main dark space behind the anchored 
striae in such a manner as to shorten the colnmn by the length of the 
strip. When this takes place, as is often, although not always the 
case, the experiment is frustrated. 

The brilliancy and definition of the phosphorescent rings may be 
increased by inserting a small Leyden jar in the circuit, care being 
taken that the jar shall discharge itself completely each time. If this 
is not the case, the main discharge is followed by subsidiary discharges, 
which tend to blur the effect. The angle of dispersion may be increased, 
or rather supplemented, by placing more than one strip on the tube, 
distant from one another by an angle of 90° or 120°. By this means 
the rings may be made to comprise the entire circumference of the 
tube. 

It should be here mentioned that if the striated column be carefully 
examined at the moment when the external discharge passes, it wiU be 
noticed that the entire column (or more strictly speaking the part of 
it lying between the positive terminal and the end of the tin-foil nearest 
to the positive ’terminal) undergoes a slight displacement. This dis¬ 
placement amounts usually to half the distance between two striae. 
The actual shadows cast in the green phosphorescence are those due 
to the displaced striae, as may be easily verified. 

It thus appears that the striae are competent to cast shadows in the 
radiant showers issuing from the inside of the tube adjacent to the tin- 
foil, which part acts as a negative terminal. Many experiments have 
contributed to show that these radiant showers, although accompani¬ 
ments of the discharge, are not carriers of the discharge; and that, 
having once issued from their source, they continue their own course 
irrespective of that of the discharge proper. They are in fact material 
showers, and, although not improbably charged with electricity, yet 
their ulterior course does not appear to depend on their electrical 
condition- Under these circumstances the most probable explanation 
of the phenomena above described appears to be that the showers are 
arrested by material obstacles in the shape of striae; and consequently 
if that be the case, we here have an experimental proof that the striae 
represent local aggregations of matter, and not merely special electrical 
conditions of the gas. 
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IX. On Stratified Discharges. VII. Multiple Radiations from 
the Negative Terminal.” By William Spottiswoode, 
P.R.S., and J. Fletcher Moulton, F.R.S. Received 
June 16, 1881. 

In OTir memoirs “ On the Sensitive State of Vacntim Discharges ” 
we have often alluded to, and even insisted on, the importance of the 
remarkable dissymmetry which manifests itself in electrical discharges 
in gases at low pressures. As the pressure is lowered this dissymmetry 
becomes more and more marked; the strise themselves become indi¬ 
vidually unsymmetrical, and recede one by one into the positive ter¬ 
minal ; the features which are associated with the negative increase 
in importance, until at last they occupy almost the entire area of the 
tube. The researches of De La Rue, Crookes, Ooldstein, and others, 
have intended to increase the interest which attaches to the action 
which takes place at the negative terminal. And it is with a view of 
adding one more contribution to the interpretation of the phenomena 
.of the negative discharge and the analysis of its nature and modus 
ojperandi that the present experiments are described. 

On examining the image of a negative terminal as traced out in 
tubes of great exhaustion, by the phosphorescence due to Crookes’ 
radiations, we have often noticed that the image was not a simple 
figure, but that more than one outline of the contour of the terminal 
might be traced. From the fact of the double contour having been 
first remarked, where the terminal was of a conical form, it was at 
first supposed that the second image might be due to internal reflexion, 
or to some property appertaining to the edge of the cone. But this 
supposition led to no satisfactory explanation of the phenomenon. 

It was, however, thought that, inasmuch as the two images implied 
different systems of radiation, a magnet, suitably disposed, might 
affect them in different degrees, and thereby throw some light on 
their origin. For this purpose we used a large electro-magnet with 
its coils so coupled up as to give the two poles similar polarity. By 
bringing the two poles together, inclined at a moderate angle, a single 
pole and a field of great magnetic strength was produced. 

The tube was then placed in the plane containing the axis of the 
two poles, and in the direction of a line bisecting their directions. 
The tubes first used were of great exhaustion, and were placed some¬ 
times with the positive, sometimes with the negative terminal towards 
the magnet. When the tube was placed in a comparatively weak 
part of the field, the two images of the cone were seen in their usual 
positions relatively to each other, except that they were slightly more 
separated. But as the tube was brought gradually into a stronger 
part of the field, the two images became further separated, and by 
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degrees a tHrd, a fonrtii, and even more images were bronglit out on 
the side of the tnbe. In one tube of very high exhaustion, for 
which we are indebted to Mr. Crookes, as many as eight images 
became visible. 

The phenomena here described having been once clearly seen in 
tubes of high exhanstion, with conical terminals, and nnder the in- 
finence of a very powerful magnet, were afterwards distinguished in 
other tubes of less exhaustion, with other forms of terminal, and in a 
less powerful magnetic field. 

In the absence of a magnet, the lines of radiation are approxi¬ 
mately (though not exactly) normal to the surface of the negative 
terminal for all the images; and in a magnetic field their tendency is 
to follow the lines of magnetic force which pass through the point of 
issue from that surface. The effect of the magnet, therefore, whether 
the positive or the negative terminal of the tube is presented to the 
pole, is to direct the lines of radiation more nearly along these lines 
of force than they would be without its action; and since lines of 
weaker radiation would be more affected than lines of stronger 
radiation it follows that different images, formed by lines of 
different strength (or velocity of discharge) would be separated from 
one another by the magnet. A similar result would foUow if they 
differed in other respects in their normal condition. 

We have then, as an experimental fact, a series of images, each 
formed by a system of rays issuing from the surface of the negative 
terminal. The images being distinct, the system of rays must be 
distinct also. How, as it seems hardly possible to imagine that, 
from every point of a surface, there can issue at one and the same 
instant of time a variety of systems of radiations, each system rang¬ 
ing over a finite angular distance, and each differently directed in 
space, we are driven to the conclusion that these radiations must have 
issued successively and not simultaneously from the terminal. In 
other words, the various images are formed in succession. How, the 
entire series of images are present whenever a discharge passes 
through the tube; and when a “continuous” discharge (such as that 
from a Holtz machine) is passing, they are all as steady and as per¬ 
sistent as are any other features of the discharge. From this it 
follows that the radiations are not a continuous phenomenon, but that 
they are composed of a recurrent series of discharges, each having its 
own angular range, and its own direction in space; and as the elec¬ 
tricity, which is the motive power, and the metallic terminal, which is 
the directing machinery, are the same in kind for each image, we are 
led-to the conclusion that the positions of the images are determined 
by the force with which the radiations are projected. In fact, we 
understand that the various images are due to a succession of dis¬ 
crete discharges of successively diminishing strength. 
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The phenomenon of multiple images of the negative terminal as 
explained above has an important bearing on the nature of electrical 
discharges in vacuum tubes. For, if the phosphorising radiation con¬ 
sists of a recurring series of discrete discharges, the radiation in each 
series, and a fortiori the radiation as a whole, is discontinuous; and 
consequently the electrical discharge, to which it is due, must itself be 
discontinuous or “ disruptive.’* We appear, therefore, in these 
phenomena to have an experimental proof, independent of and in 
addition to those adduced by Mr. De La Rue and others, of a funda¬ 
mental point in the theory of these discharges, namely, their disrup¬ 
tive character. 

The conclusion, that each main discharge consists of a series of 
minor discharges, has an interest as throwing light on a difdculty that 
may perhaps have been felt in respect of one of the conclusions in 
our second memoir. It was there shown that when the exhaustion 
was carried to a great degree of perfection, the negative part of the 
discharge showed signs of a durational character;” and thedijQ&culty 
consists in associating the character of duration with that of disrup¬ 
tiveness, as attributed to one and the same discharge. But if the 
explanation of the multiple images here suggested be correct, it may 
be possible to reconcile the two ideas by considering that the duration 
is to be understood not as implying ^a continuous process, but as 
measuring the interval from the commencement of each main dis¬ 
charge until the last of the series of minor discharges belonging to it. 

This idea of rapidly recurring elemental discharges going to form 
a single discharge is very similar to the state of things which one of 
the authors of the present paper showed to take place in the case of 
a discharge from a coil. (See “Proc. Roy. Soc.,” vol. 25, p. 73.) 
The revolving mirror showed that each discharge from the coil, 
though apparently single, and, if not instantaneous, at least continu¬ 
ous during the time it lasted, was, in fact, made up of a regular senes 
of elemental discharges, each group of such discharges (constituting 
a single coil discharge) being composed of like elements. The 
phenomena* above described go to show that even the so-called con¬ 
tinuous discharge is made up of very rapidly recurring discharges, 
each of which is in its turn composed of a group of elemental dis¬ 
charges, the successive members of which bear definite relations to 
each other. 
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X. Note on the Existence in the King Crab (Limuhis poly- 
phemui) of Stigmata corresponding to the Respii’ator^^ 
Stigmata of the Pulmonate Arachnida, and on the Morpho¬ 
logical Agreements between Limnlns and Scorpio ” By E. 
Eat JjAXKESTER, M.A., F.E.S., Jodrell Professor of Zoology 
in University College, London. Eeceived May 26, 1881. 

I.— The Ageeements between Limulhs and Scorpio. 

The conclusion arrived at hy Straus Diirckheim (1828) to the effect 
that IatiiuIus is an Arachnid, and as such to he placed in a distinct order 
of the class Arachnida, has not as yet been generally accepted by 250010 - 
gists. It is, however, to be noted that whilst the zoologists of the first 
half of this century had no hesitation in placing I/lmulus among the 
Gmstacea, and even in associating it in one order with such Crusta¬ 
ceans as the Phyllopoda, yet there has been an increasing tendency 
within the last five-and-twenty years to recognise very distinctly 
something like affinity between Limulm and the Arachnida. This 
tendency has shown itself in the proposal made by some eminent 
authorities of late (Haeckel, Dohm, Claus, Gegenbaur) to place 
lAmulus in a distinct group by itself (Gigantostraca or Poecilopoda), 
neither Crustacean nor Arachnidan, but nearly eqnaUy removed from 
and equally related by supposed genetic connexions to both the 
Crustacea and the Arachnida. Professor Edouard Van Beneden, ot 
Liege, alone, professedly basing his conclusion upon an examination of 
the embryological history of Limidus^ has categorically declared that 
“ the Limuli are not Crustacea; they have nothing in common with 
the Phyllopoda, and their embryonic development presents the greatest 
analogies with that of the Scorpions and of the other Arachnida, from 
which it is not possible to separate them.’’ 

I have elsewhere*' stated my full concurrence with Professor Yan 
Beneden’s conclusion on this subject, and proposed accordingly to 
divide the Arachnida into the Branchiopulmonata and Tracheopul- 
monata, but I have not hitherto taken an opportunity of setting forth 
the grounds upon which I am led to hold that the Limuli are Arach¬ 
nida and not Crustacea. These grounds are entirely independent of 
those advanced by Professor Yan Beneden, which were derived from 
the phenomena of embryonic development. The grounds upon which 
I base my conclusions are, on the contrary, found in the facts of the 
adult structure of Limulus on the. one hand and of the pulmonate 
Arachnida on the other, more especially of Scorpio. 

I have recently become acquainted with some undescribed struc- 

* “Notes on Embryology and Classification.” “Quart. Jonm. Micr. Science,” 
Octobei; 1877. 
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tures in lAmulus^ wkick appear to me to be strongly confirmatory of 
tbe identification of the structural elements of that animal with the 
structural elements of Scorpio; and, pending the preparation of a 
more complete account of the matter, I am anxious to place on record 
the chief grounds which appear to me to exist for classifying Idmvlus 
with the Arachnida in very close association with' the pnlmonate 
members of that class. 

Without depreciation of the morphological insight of those who 
have previously approached this question, amongst. the foremost of 
whom are the English zoologists, Huxley, Woodward, and Owen, I 
may venture to say that it appears to me that the fact that Idmnlus is 
little else than an aquatic scorpion, and Scorpio little else than a ter¬ 
restrial king crab, has not as yet become an accepted conclusion of 
zoological science, because those zoologists who have discussed the 
question and instituted a comparison between Limulus and Scorpio — 
whether (as Straus Diirckheim) favourable to their association or (as 
every other zoologist) opposed to it—^have not to begin with hit upon 
the true terms of comparison. We have in Limulm, on the one 
hand, and in Scorpio, on the other, a series of more or less completely 
expressed body-segments and a corresponding series of appendages. 
Everything depends on making a correct start in the comparison, sup¬ 
posing that a very close agreement exists between the two series in 
a barely masked condition, and is to be made evident as the result of 
the comparison. 

The notions as to the importance of the innervation of appendages 
from a ganglion lying in front of the mouth as opposed to the condi¬ 
tion when innervation proceeds from a ganglion behind the mouth, 
have tended to obscure the true relationships of Limulus and Scorpio, 
For it is only quite recently that it has been established (Alphonse 
Milne-Edwards) that the ganglion in front of the mouth does not 
innervate the first pair of s^pendages of Limulus,^ and that, similarly, 
the innervation of the first pair of appendages (chelicerse) of Arach"^ 
nida does not proceed from the primitive “ ganglion in front of the 
mouth”; but from right and left lateral nerve-centres, which are 
embryologically quii^ distinct from the primitive prasoral ganglion, 
and posterior to it (Balfour). 

Whilst there has been a difficulty in regard to this point of com¬ 
parison, which is now removed, there has not been a full and well- 
grounded conviction of the identity in structure and position of the 

* [June 24tli, 1881, I am able fully to confirm the exactness of the account of 
the nervous system of XAmulus given by M. Alphonse Milne-Edwards, having, 
through the kindness of Mr. Carrington, E.L.S., received from the Boyal West-, 
minster Aquarium a living specimen of Idmulus, which enabled me to dissect out 
the relations of the nerves to the ganglionic centres in the most satisfactory 
manner.] 
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series of projecting books of (abont) 150 double lamellse seen in Limulm, 
with the similar series of sunken books of (about) 130 double lamellse, 
seen in Scorpio. 

A careful study of tbe structure of these respiratory organs in the 
two animals, together with the explanation a:Eorded by their external 
position in Limulus, of the “ comb-like organs ” of the Scorpion, and 
the observation of the fact that the genital operculum of Limulus is 
represented in miniature by the genital operculum of the Scorpion, and 
in an exactly corresponding position relatively to legs and gill-books, 
are tbe factors which, above all others, are likely to contribute to 
forming in an observer the impression that there is a very real and 
intimate agreement between Limulus and Scorpio, This impression 
is confirmed in a remarkable way by the agreement of details of struc¬ 
ture in the two animals—such, for instance, as the form of the legs, 
the relation of the coxae to the mouth, and to the sternal sclerites, the 
minute structure of the gill-plates, and their exact arrangement and im¬ 
brication to form those peculiar book-like organs which have no parallel 
in the animal kingdom. The impression is further confirmed by one of 
the main facts on which Straus Diirckheim relied for his conclusions 
on the subject, viz., the existence in Limulus and in the Arachnida of 
a very peculiar loose skeletal piece—^the “ entosternite : further by 
- the close similarity of the digestive canal and its caBca in Limulus and 
Scorpio by the close agreement of the very highly developed vascu¬ 
lar system in the two animals ; by the close agreement in its general 
disposition of the central nervous system in the two animals. In 
addition to all this, it has recently been shown that the structure of 
the compound eye of Limulus, though necessarily not that of any 
living Arachnid, is also unlike that of any living Crustacean (Gre- 
nacher). Lastly may be mentioned, as confirmatory of the existence 
of a close relationship between Limulus and the puhnonate Arachnida, 
on the one hand the living Arachnida, which, like Limulus, exhibit a 
suppression of the segmentation of the hinder part of the abdomen as 
compared with Scorpio, and on the other hand those fossil forms, 
the Eurypterina, which correspond with Scorpio exactly in the 
number of segments developed in the abdominal region, and very 
closely in their general form, whilst unmistakably related in the 
closest way to IAm.ulus (as generally admitted) by the structure of 
their great digging leg (the hindmost pair) and of their genital oper¬ 
culum. The cephalo-thoracic ^ limbs of the Eurypterina, though but 
five pairs in number in place of the six pairs present in Limulus and 
Scorpio, yet, as long since pointed out by Professor Huxley, present 
no difficulty on this account in the way of a close approximation of 
the forms in question; for it is obvious from the condition of the 
anterior pair in such a Eurypterine as Slimonia, that there is a 
characteristic tendency to the reduction and hence suppression of the 
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anterior appendages, which, has, in the case of the whole group of 
Eurjpterina, led to the suppression of the foremost pair of appendages 
corresponding to the chelicerae of the Scorpion and of Idmulus. The 
prohabilitj of such a suppression having taken place has a direct 
bearing upon questions which arise when a comparison is attempted 
between the series of appendages of the Arachnida as a class with 
those of other classes of Arthropoda. It is signi&cant in this con¬ 
nexion that such a suppression of at least one pair of anterior 
appendages has been very generally considered to be a characteristic 
of the Arachnida, whether the attempt to harmonise their structure 
with that of other Arthropoda has been made in assimilating them 
through Galeodes to the Hexapod Insects, or through Scorpio to the 
Decapod Crustaceans. 

I now submit as a summary of the conclusions to which I am led, a 
tabular view of the structural identities of Idmulus and Scorpio, in 
so far as the sclerites of the body and appendages are concerned ; and 
shall next describe certain cavities and their stigmata which I have 
detected in Idmulus which appear to me to be the representatives of 
the stigmata of the pulmonate Arachnida, and of the pulmonary 
chambers in which their gill-books have become concealed.* 

"Notes in reference to the Tabular Statement. 

Camerostome. —The tubercular sclerite at the base of the first pair 
of appendages overhanging the mouth may be spoken of by this term 
(introduced by Latreille) both in Idmulus and the other Arachnida, 
without prejudging the question as to its relations to the “labrum’^ 
of Hexapod Insects or of Crustacea. 

GMlaria. —This term has been applied by Professor Owen to the 
pair of small processes placed mesially between the coxas of the last 
pair of legs in Limulus. Although supplied by distinct nerves, yet 
their late appearance in development, as shown by Packard, and' their ^ 
simple structure, lead to the conclusion that they are not rudimentaiy 
appendages, as has been supposed, nor parts of the cox^ of the sixth 
pair of legs as has been suggested, but special tubercular elevations 
of the sternal surface. 

Genital opercitlum .—On account of the concentration of the nerve- 
centres in the cephalo-thoracic region, and the consequent origin of 
the pair of nerves to this organ from that region, the genital oper¬ 
culum Idmulus of has been regarded by some writers as belonging to 

* [June 24th, 1881. In October, 1878 (“Quart. Joum. Micr. Science») I 
published an account of the motjlity of the spermatozooids of Limulus. This, 
cl^racter tends to separate Limulus from Crustacea. It also tends to unite Scorpio 
and lAmmMs. The most important difference between the two animals, is the 
absaioe from Limulus of Malpighian tubes. Eudiments of these may yet be dis¬ 
covered.] 
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the cephalo-thoracic tergites. It has, however, a distinctly emarginated 
tergal surface corresponding to it in the abdominal carapace. This 
emarginated area is mnch more distinct in the embryonic condition 
than in the adnlt. In Limulus, the median portion of the base of the 
genital opercnlnm and of the following five lamelliform organs 
appears in each case to be a projecting ridge of the sternal surface 
simply, whilst the distal and lateral area only (right and left of the 
shallow median fissure) are to be regarded as representing a right and 
left “ appendage.” The exact limit of the two elements, that is, of 
the appendage proper and of its sternal base, can only be decided by 
an exact knowledge of the development of the parts in the embryo. 

Abdominal Carapace and Telsmi .—In young embryos of Limulus 
there are, according to Packard’s observations, eight, if not nine, dis¬ 
tinct segments indicated in the tergum of the abdominal region, 
besides the rudiment of the post-anal spine. Of these the first repre¬ 
sents the tergite of the genital operculum, and, in the adult, is in¬ 
dicated by an emarginated area and immovable spine or angular pro¬ 
cess on either side of the fused mass forming the abdominal carapace. 
The next five embryonic segments correspond to the five pairs of 
appendages carrying the biblioid ” gSls, and are indicated each in 
the adult by a movable spine, at the side of the tergum, and by five 
arese on its free or pleural lower surface, marked out by the disposi¬ 
tion of the hairs which clothe it. 

The next following embryonic segment (the seventh) is indicated 
in the adult by a pair of lateral movable spines on the tergum (the 
sixth pair of movable spines), but there is no- further indication of 
segments ; what was seventh, eighth, and ninth segments in the em¬ 
bryo is fused into one piece, together with the segments in front, and 
exhibits no rudiment of the former segmentation in the form of ridges 
as do the first six abdominal segments. It forms an oblong area of 
considerable bulk, not much smaller in its axial portion than the whole 
of the abdominal segments in front of it. In the soft integument 
beyond this is placed the anus and beyond that the anal spine. 

The word “ telson ” has been applied, in my opinion, unwisely to 
the post-anal spine. The telson of such a Crastacean as Aetwcm is 
that region of the body following upon the segmented region and 
carrying within its area the anus. It is (as more especially pointed 
out by Claus) a region which may be characterised as one of potential 
segmentation; it is not precisely a segment, but something more than 
a segment, viz., that tract of the hindmost region of the body which 
can, and in incompletely developed forms does, give rise to new 
segments, by a process of separation frOm its anterior border. It has 
necessarily, and by definition, a certain extension anteriorly, that is, in 
front of the anus. 

Now, the post-anal spine of LimvZus has no such character. It is 
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homologons with the post-anal sting-spine of Scorpio, or the jointed 
post-anal filament of Thelyplionus^ and if it may be compared with 
anything in Astacus it is with the post-anal joint of that Crnstacean’s 
telson. 

The true “telson” oi Limulns embraces the larger part of the 
nnsegmented area, the area of potential segmentation which extends 
from the sixth pair of movable lateral spines and the axial area from 
the base of the last pair of gill-plates backwards. In the embryo 
this area has one or possibly two segments marked off from it, so 
that the small area formed by their re-fnsion in the adult is, strictly 
speaking, not “ telson.” 

The whole prse-anal region of the telson of Limulus (together with 
the two embryonic segments of which all trace is lost in the adnlt) 
corresponds to the six proximal (proximal that is to the anus) prae- 
anal body-rings of Scorpio^ of which that including the anus should 
be called “telson.” That this bulky region should remain nnseg¬ 
mented in Limulu.% whilst giving rise to several segments (some 
elongate and annular) in Scorjpio, is no difficulty in the way of the 
assimilation of the two forms, so far as Arachnidan characters are 
concerned, firstly, because in the Spiders, which are typical Arachnida, 
the abdomen is obscurely segmented in a manner parallel to that 
observed in Limulus; and, secondly, because in the Eurypterina (the 
close affinity of which to Limulus we are permitted to assume as 
demonstrated) the exact number of segments and an approximation 
to the form, showm by Scorpio in this part of the body, is found. 

Whilst the term telson had, it seems, best be reserved for a larger 
area than that occupied by the post-anal spine, it is to be noted that 
Professor Owen has urged, not by the mere implication of a name, 
but explicitly, that the post-anal spine of Limulus corresponds to the 
several prse-anal segments of the Scorpion’s tail as well as to its 
“ sting,” and he has pointed to indications of annulation in the struc¬ 
ture of this spine. The traces of annulation appear to me to be pre¬ 
cisely similar in character to the annulations of the jointed post-anal 
filament of Thelyphonus, and it a-ppears to me that there is the same 
inducement wffien the comparison of general form only is made in the 
case of Thdyphonus compared with Scorpio^ to regard the narrow- 
jointed post-anal “ tail ” of the former as the equivalent of the latter’s 
tail, consisting of true prse-anal body-segments, as there is when 
Limulus and Scorpio are compared, to assimilate the king crab’s 
spine to the segments of Scorpio just named. In yielding to the 
inducement in either case, we should, I think, mistake a resemblance 
of superficial adaptation of form for one of true genetic equivalence. 

II.— ^The Paea-beanchial Stigmata of Limulus. 

The views which have been advanced in the preceding section of 



397 


1881.] Oil Stigmata in the King Crab, 

this note, as to the practical identity of the gill-books of lAmulus and 
the Inng-books of Scorpio, implicitly contain the affirmation that 
either the stnictnres of lAmulus have been derived from those of 
Scorpio, or those of Scorpio from those of Limulm, or that a third 
(possibly now extinct) form has given rise to both lAmulus and 
Scorpio. Further, it is to be observed that such extinct form might 
be more like to Limulus than to Scorpio, or vice versa, in respect of 
any particular element of structure. 

To make a long story as short as possible, I may say that without 
prejudicing the recognition of the (as I think) well-established mor¬ 
phological identities above pointed out, we may best explain their 
existence by assuming that an aquatic form breathing the dissolved 
oxygen of the water inhabited by it, by means of book-like gills, was 
the common ancestor of Limulus and of Scorpio. From the book¬ 
like gills of this ancestral form, the broad series of Limulus and the 
narrower lung-books as well as the pectinae or combs of the Scorpion, 
have been derived. The form of the book-like gills of this Arachnidan 
ancestor was probably something intermediate between the three 
existent modifications of it—and best conceived of, perhaps, by ima¬ 
gining the teeth of the Scorpion’s “ pectinate organs ” to become soft 
and flattened and increased in number. 

To obtain from these the Limulus gill, we have but to suppose 
certain definite changes of dimension, the imbrication and character of 
the. lamellae and their external position remaining unaltered. 

To arrive at the book-lungs of the Scorpion, we have to imagine 
the ventral surface on each side in close proximity to the short ap¬ 
pendages carrying the gill-books—to have become deeply cupped or 
depressed; so that two series of cup-like pits should be formed, a 
right and a left, a pair being placed in each segment, corresponding 
to each pair of gill-books. Each cup must have become so large in 
area and so deep as to embrace within its limits the relatively small 
adjacent gill-book. Further, when once the gill-book had been in¬ 
volved in this cup-like depression, the walls of the cup must have 
tended to grow together so as to form a pulmonary chamber with only 
a narrow slit-like opening to the exterior, and pari passu with this 
closing in of the cupped area—and the protection of the respiratory 
lamellae—^the Arachnid must have acquired the power of leaving the 
water and of breathing the atmospheric oxygen admitted to the damp 
chamber formed by the cave-like areas of depression. 

Whilst framing such a hypothetical account of the way in which 
the transition from naked “ gill-book ” to in-sunken “ lung-book ” 
could have taken place, one naturally asks— “ Is it not a somewhat 
gratuitous assumption to imagine that cupped areas should form con¬ 
veniently by the side of the gill-books of the aquatic ancestor, so as 
to be ready to increase in size and ultimately draw into themselves, 

2 B 2 
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as it were, the gill-books ? ” “ Is there,” we are led on further to 

ask, “ any known instance in Arachnida of the formation of cupped 
aresB on the chitinous surface of the body ? If so, can we show in 
what mechanical relation they are formed ? And lastly, can it be de¬ 
monstrated that such mechanical relation probably existed in con¬ 
nexion with the gill-books of the assumed common ancestor of 
lAmnlus and Scorpio f ” If all these questions can be affirmatively 
answered, then our hypothesis as to the transition of the aquatic 
Arachnid to the pulmonate condition acquires great plausibility. 

The answer to these questions, which I am able to give as the result 
of some careful examinations of specimens of Limulus and Scorpio^ 
Thelyphonus, and other Arachnida, appears to me to have more than 
ordinary interest, since the formation of cupped areas on the chitinous 
surface of the body and the mechanical relations connected with their 
formation have come to light as demanded by the hypothesis. They 
exist in Limulus itself and in Thelyplionus. In Limulus, there are 
two great muscles, a right and a left, inserted into the soft ventral 
integument near the base of each double gill-plate. These muscles 
known as the thoraco-abdominal muscles, serve (together with others 
which enter the appendage itself) by their contractions to move the 
gill-plates in the water and so aid in aquatic respiration. The position 
of the insertion of each muscular mass is marked by a deep funnel¬ 
like depression of the integument. !From the external surface this 
depression appears as a “ stigma,” and a rod can be introduced into 
it to the depth of an inch. The funnel-like depression has a narrow 
mouth which is often as much as half an inch in length. Internally 
the invaginated cuticle stands up as a flexible chitinous tendon, giving 
attachment to the muscle already mentioned. These structures 
appear to have remained hitherto undescribed. 

In Limulus, I find a pair of these ‘‘ muscle-stigmata,” right and 
left behind the genital operculum, and a pair (right and left) behind 
each of the lamelliform fused appendages which carry the gill-books. 
The mouth of each‘stigma is strengthened by a small “ epistigmatic 
sclerite ” and two adjacent still smaller sclerites. 

We have only to suppose the appendages carrying the gill-books not 
to have fused as yet in the middle line, and the muscular stigmata to 
have become greatly developed (perhaps by increased development of 
the muscle aiding in aquatic respiration) and we have at oiice the gill- 
book sinking within the area of the siigmatic pit. 

A very important feature in the supposed further development is 
the correspondence of the atrophy of the muscle (which atrophy is 
required to fit in with our hypothesis, and to convert the muscle-pit 
into a pulmonary sac) with the changes in the structures which would 
necessarily result were the physiological conditions* graduaUy to 
become such as to favour aerial in place of aquatic respiration. The 
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violent agitation of tlie gills by tbe mnscle attached to the stigmatic 
pit would become useless, supposing an exposure of tbe gill-iamellse 
to tbe atmosphere became by degrees habitual with the ancestral 
Arachnidan. In proportion as these hypothetical creatures acquired 
the habit of aerial respiration—the deepening and arching in of the 
stigmatic pit would be favoured, and the atrophy and final disap¬ 
pearance of the muscle which was attached to its inner surface, and 
had mechanically brought it into existence, would also be directly pro¬ 
moted. / 

A further confirmation of the view now advanced is found in the 
^remarkable Javanese Arachnidan Thelyjphonus. This Arachnid has 
not four pairs of lung-sacs like Scorpio, but only two pairs, corre¬ 
sponding to the two foremost lungs of Scorpio, and to the second 
and third gill-book-pairs of Limulus. Nevertheless, the four segments 
of the abdomen posterior to these are each marked by a pair of shallow 
stigmata placed in line with the orifices of the pulmonary sacs of the 
two anterior segments. Wheh'the internal structure corresponding to 
these parts is examined, it is found that a large muscle (similar to the 
similarly placed muscle of Limulus) is inserted into each of the four 
right and four left stigmata in the segments posterior to the pul¬ 
monary sacs. The two segments into which the two pairs of pulmo¬ 
nary sacs are sunk, have no such muscles. The pulmonary sacs are, 
therefore, in this case, also, to all appearance, enlarged muscular 
stigmata, from which their former muscles have disappeared by 
‘ disuse and atrophy. 


XL Effects of Stress on the Thermoelectric Quality of Metals. 
Part I.” By J. A. Ewing, B.Sc., F.R.S.E,, Professor of 
Mechanical Engineering in the UniTersity of Tokio, Japan. 
Communicated by Professor Fleeming Jeneun, F.R.S. Re¬ 
ceived May 31, 1881. 

(Abstract.) 

This investigation was undertaken, in the first instance, with the 
view of finding whether the gradual mechanical change which goes on 
with lapse of time after stretching wires (which the author described 
in a former paper, Proc. Roy. Soc.,’* voL 30, p. 510) is associated 
with a corresponding change in thermoelectric quality. But the expe¬ 
riments brought to light some very unexpected results with regard to 
the immediate effects Cf stress, and the present communication deals 
with these only. Part I is further limited to the effects of longitudinal 
pull on iron. The author is proceeding to extend the same inquiry to 
other metals and to other modes of stress. 
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Tlie metliod consisted in applying load to wires by the weight of a 
hanging tank containing water, which could be rnn in and run out at 
any desired rate, the junction between the stressed and unstressed 
parts of the wire being kept at 100° 0. and 18° C. approximately. 
The thermoelectric effects were measured by the deflections produced 
in a short-coil mirror galvanometer, adjusted for great sensibility. 

The effect of applying a moderate amount of longitudinal pull to iron 
wires was found to be negative (that is to say, the position of iron in 
the thermoelectric series, with the given condition of temperature, was 
shifted towards antimony). This result was merely a confirmation of 
the observations of Sir William Thomson (“ On the Electrodynamic 
Qualities of Metals,’’ ‘‘Phil. Trans.,” 1856). But, instead of 
increasing up to the breaking point, the effect reached a negative 
maximum, after which it decreased and sometimes even changed to 
positive before the wire broke. This result was confirmed by a large 
number of tests of different wires. 

When loading was stqpped shortly before the wire broke, and the 
load was gradually withdrawn, the thermoelectric effect passed back 
through a negative maximum, different from the first, and, finally, 
with no load, it reached a positive value as a consequence of the 
stretching which had taken place. (This positive effect due to pre¬ 
vious stretching when the load was withdrawn had been observed 
before by Magnus and by Thomson.) The fact that the thermoelectric 
quality passed back through a negative maximum during unloading 
showed that the maximum which had occurred during loading was not 
the result of an antagonism between the influences of stress and strain. 

A second loading of the same wire gave a series of thermoelectric 
values greatly different from those got in either of the two former 
processes of first loading and unloading, and showing another negative 
maximum long before the new limit of elasticity was reached. When 
that limit was passed, the subsequent drawing out of the wire was 
associated with a relatively rapid change in the thermoelectric quality 
towards positive. 

When, after a wire had once been stretched, any given load was 
gradually applied and removed successively within the new elastic 
limit, the thermoelectric effects for equal intermediate amounts of stress 
during loading and during unloading were widely different, but passed 
through a cyclic series of values for each repetition of the cyclic 
change of stress. This effect is shown in the paper by curves which 
give the relation of stress to thermoelectric current: The curves got 
by putting on load (not exceeding the elastic limit) and by taking it 
off are far from coincident, but form a closed fi^re containing a wide 
area. 

This cyclic phenomenon is experimentally studied at length in the 
pap^r, aud the thermoelectric effects of various cycles of loads are 
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shown graphically in a number of diagrams. To apply a load, remove 
part of it, re-apply it, and continue the application, forms a wide hut 
closed, or nearly closed, loop on the “ on ” curve. Similarly, to remove 
load, stop during the removal, and replace part, and then go on again 
with the removal, forms a loop of a like kind on the “ off ” curve. 

The curves got during the gradual removal of load always show a 
negative maximum, even though the applied load has been less than 
that required to pass the negative maximum during loading. 

The effect of beginning to reload a stretched wire which has been 
unloaded is at first feebly positive, passes a positive maximum, becomes 
negative, passes a negative maximum, an^ finally, if the wire does not 
break too soon, becomes once more positive before rupture takes place. 

The leading characteristics of the cyclic action mentioned above are 
sufficiently obvious from the diagrams, but can scarcely be described 
verbally, except at great length. The curves show a lagging of thermo¬ 
electric effect when the stress is changed. It is proved that this lag¬ 
ging of effect is not a time action, for it is s^own to be independent of 
the rate of increment and decrement of the stress. Moreover, the 
thermoelectric value associated with any load (not exceeding the 
elastic limit), arrived at in any manner, is constant so long as the load 
is constant. 

One very remarkable feature of the curves is that the first effect of 
reversal from loading to unloading^ or from unloading to loading, is to 
continue the same hind of thermoelectric change which has heen going 
m just before the reversal takes ^lace. For example, if the wire had 
been becoming negative when loading was stopped and unloading 
began, it continued to change towards negative during the very first 
part of the subsequent unloading. This law appears to be general. 

As a consequence of the cyclic action it follows that there may exist 
between a stress and its associated thermoelectric effect any relation 
which can be expressed by a point within the wide area enclosed 
between the most distant “ on *’ and “ off ” curves. To attempt, there¬ 
fore, to assign a relation irrespective of the preceding states and 
changes of stress would be altogether futile. 

Instances are given of “molecular reminiscences” of previous stress- 
actions, exhibiting themselves by modifying the form of the curves in 
the next succeeding experiments with the same wire. 

It is shown that mechanical vibration greatly reduces, if it does not 
wholly destroy, the distinction between the on and “ ” curves of 

thermoelectric guality and stress, if the wire be kept in a state of vibra¬ 
tion during the application and removal of the load. 

It is also shown that two widely different values of thermoelectric 
quality, got by reaching the same stress in two different ways (namely 
by addition of load from zero and by partial removal of load from a 
high value), become almost equal to each other when the wire is 
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vibrated, not during, but after, the changes of load through which the 
given state has been reached. 

It is also shown that this approximate equality produced by vibra¬ 
tion continues after the vibration ceases. Also, that when a cycle of 
loads is gone through afterwards, without vibration, the old difference 
between the “ onand ‘‘ of£curves reasserts itself. 

It is suggested that the cyclic phenomenon so conspicuous in this 
investigation is not peculiar to the thermoelectric effects of stress, but 
is probably present in other effects of stress, and may perhaps be found 
to occur in the changes of any c[uality of matter which is a function of 
another variable quahty (such as temperature) when the latter quality 
is subjected to increment and decrement. 

Lastly the results of certain independent experiments made by others 
in other branches of physics are referred to in confirmation of this 
suggestion. 


XII. “ On the Reversal of the Lines of Metallic Vapours. No. 
YIII. (Iron, Titanium, Chromium, and Aluminium.)” By 
G. D. LrsTEiNG-, M.A., F.R.S., Professor of Chemistry, and J. 
Dewar, M.A., F.R.S., Jacksonian Professor, University of 
"Cambridge. Received June 2, 1881. 

In our last communication on this subject we observed (‘^ Proc. 
Roy. Soc.,” vol. 29, p. 405) that iron introduced as metal, or as 
chloride, into the electric ai’c, in a lime crucible, in the way which had 
proved successful in the case of many other metals, gave us no reversals. 
We succeeded, however, iu reversing some ten of the brightest lines of 
iron, mostly in the blue and violet, by passing an iron wire through 
one of the carbons, so as to keep up a constant supply of iron in the 
arc. Considering the great number of iron lines, and that so many of 
them are strongly represented amongst the Fraunhofer lines, ifc seemed 
♦somewhat surprising that it should be difficult to obtain a reversing 
layer of iron vapour in the arc inclosed as we use it in an intensely 
heated crucible. A like remark might be made respecting titanium, 
which is almost as well represented as iron-in the Fraunhofer lines, 
but has heretofore given us no reversals. Almost the same might be 
said of chromium, except that the number of chromium lines is so 
much less than that of either of the other two metals. 

We have since found that most, if not all, of the strong lines of 
these three metals may be reversed by proper ‘management of tbe 
atmosphere and supply of metal in the crucible. Indeed, with regard 
to iron we have found that the method employed with other metals 
wais successful so fax as the ultra-violet rays were concerned, though it 
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failed for less refrangible rays. Wben iron lias been put into tbe 
crucible tbrongb which the arc of a Siemens’ dynamo-electric machine 
is passing, and then fragments of magnesium dropped in from time to 
time, most of the strong ultra-violet lines of iron are reversed. The 
magnesium seems to supply a highly reducing atmosphere, and to some 
extent carry with it the iron vapour. It also produces a good deal of 
continuous spectrum, at least in certain regions, and against this the 
iron lines are often depicted on the photographic plates sharply 
reversed. In this way we have observed the reversal of the strong 
iron lines about the solar lines L and M, four strong lines below iN", the 
line 0, all the strong lines from. Sa to TJ inclusive, and two strong 
groups still more refrangible. 

Potassium ferrocyanide introduced into the arc instead of magnesium 
gives a reversal of the same lines as are mentioned in the foregoing 
paragraph. 

Iron wire fed in through a perforated pole gives reversals of the 
highest group (wave-length 2492 to 2480), but with the lines so 
much expanded as to form broad absorption-bands instead of lines. 

With a vertical arrangement of the carbons, similar to that used by 
us for resolving the fine double lines (“ Proc. Eoy. Soc.,” vol. 32, p. 231), 
and a stout iron wire in the axis of the lower (positive) carbon, many 
more lines in the visible part of the spectrum are seen expanded and 
reversed. This effect is sometimes enhanced by leading into the 
crucible through the upper carbon, which is perforated for the purpose, 
a very gentle stream of hydrogen gas; the stream must be no more 
than is just sufficient to give a tiny flame at the mouth of the crucible; 
a stronger stream diminishes the amount of metallic vapour, probably 
by its cooling action, and lessens the effect. By this treatment, some 
of the strongest lines of iron remain reversed for some time, the 
weaker lines are seen to expand and be reversed for a few seconds at a 
time, when, from a change in the intensity of the current, or some 
other reason, a larger amount of metal is volatilized and shows itself 
by burning in brilliant scintillations at the mouth of the crucible. 

A list of the iron lines reversed, designated by their approximate 
wave-lengths, is subjoined. 

6614*5 

5586*5 

5445*6 

5428*5 

5405 

5396 

5370*5 

5327 the more refrangible of this pair. 

5268*5 E 
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6226 tbe less refrangible of this doable line. 

5166-8 64 




6064 




6072 




4956*5 both lines of pair, the less refrangible strongly. 

4919-7 

3727 M 

3007-5 

2744-7 

4918 

3722 

3006-5 

2743 

4890-5 

8720 

3000 

2741-3 

4890 

3707-5 

2999 

2736-2 

4871 both lines of pair. 3705*5 

2994 t 

2722-7 

4414-5 

8647 

2984 

2720 

4404 

3631 

2982 

2718 

4382-5 

3502 

2974 

2549-5 

4325 

3492 

2971 

2645-5 

4314-5 

3475 

2967-6 

2641 

4307 G 

3465-5 

2965-6 

2535-7 

4271 both lines of ps 

lir. 3440 0 

2957 

2534 

4071 

3402-5 

2953-5 

2529 

4063 

3272* 

2948 U 

2628-6 

4045 

3246* • 

2941 

2527-3 

3898 

3099-5 Sg 

2937 

2524-2 

3886 

3082 

2932 

2623 

3869 

3072 

2929 

2518-3 

3856 

3067 

2912 

2511 

3833-5 

3056 

2871 

2502 

3827-5 

8046-5 s 

2866-3 

2492 

3825 

3041 

2860-8 

2491-6 

3824 . 

3036-5 

2836-4 

2491 

3820 L 

3030 

2829-8 

2489-3 

8815 

3024-5 

2824-2 

2485-4 

3767 

3022-5 

2767-3 

2484-6 ■ 

3763-5 

3020 T 

2756-2 

2481 

3757-5 

3017-5 

2754-3 

2480 

3745-5 

3016-5 

2749 

2474 

3736-6 

3008-5 

2748 

2465 

8734-5 




It is loj no means 

1 always the strongest lines which are reversed. 

Por instance, in the 

group of lines 

between wave- 

lengths 5428-5 and 

5396 there are four strong lines 5423*5, 5414*6, 

5403, and 5382-4, 

which are all mnch expanded and diffuse when iron is introduced into 

the arc, but have not been seen reversed by us, while three other lines 

—5396, 5405, and 5428*5—are well reversed, but not much expanded. 

It is possible that these may have been tbe copper lines which were reversed, 

imd not the iimi lines, which are nearly identical in position. 
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Considering tlie enormous complexity of tlie iron spectrum, wMch 
probably reaches to something like a thousand distinct vibrations, we 
should expect to find a greater variation in the relative strength and 
reversibility of the lines of this metal, according to the circumstances 
in which it is placed, than we find in the case of metals giving simpler 
spectra. So that we may say, on the whole, that the phenomena in the 
case of iron are of much the same general character as we have 
observed before in the case of other metals ; but the number of obser¬ 
vations to be made on so extensive a subject renders it extremely 
difficult to come to any general conclusions. 

When the perforation of the lower carbon is filled with titanium 
cyanide instead of the iron wire, the titanium lines come out very 
brilliantly and steadily, and many of them, especially in the green and 
blue parts of the spectrum, are expanded and reversed. We give a 
list of those we have observed to be reversed. 


6260 

5038 

4535*5 

4617 

6267 both lines of pair. 6036 

4535 

4305 

5223 

5035 

4533*2 

4299*5 

6209 

6013 

4531*7 

4299 

5192 

6007 

4690*5 

4298 

6129 

4999 

* 4681 

4295 

5064 

4990 

4666*5 

4290*7 

5039 

4981 

4655*5 



In the case of chromium, introduced into the crucible either as oxide 
or as bichromate of ammonia, there were no reversals until a gentle 
current of hydrogen or of coal gas was led in through the perforated 
carbon. This brought out the triplet in the green, wave-lengths 6207, 
6206, 6203, sharply and steadily reversed, and likewise the three strong 
lines in the indigo, wave-lengths 4289, 4274, 4263; also a triplet near 
N" at wave-lengths about 3678, 3693, 3606, apparently coincident with 
strong lines in Cornu’s map of that paiHs of the solar spectrum, and a 
rather strong double line just below O at about wave-length 3446. 
The reversal of another chromium line at about wave-length 3217 is 
doubtful. A triplet at wave-lengths 2799*8, 2797, 2794, is more easily 
reversed than any other of the chromium lines. This triplet is generally 
strongly developed whenever a compound of chromium is introduced 
into the crucible, so that we conclude that it is due to that metal, but it 
is sometimes visible in the photographs when other chromium lines are 
not seen. A still more refrangible chromium line, wave-length about 
2779*6, is also frequently reversed by a gentle current of hydrogen. 

The two aluminium lines near S are frequently reversed when a 
fragment of the metal is dropped into the crucible, the less refrangible 
line, wave-length 3091*5, being more strongly reversed, and continuing 
reversed for a longer time than that at wave-length 8080*5. 
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XIIL “Note on a Comparison of the Diurnal Ranges of Mag¬ 
netic Declination at Toronto and Kew.’^ By Balfour 
Stewart, LLD., F.R.S., and William Dodgson. Received 
June 9, 1881. 

Through the kindness of the Science and Art Department, South 
Kensington, and of Mr. Carpmael, Director of the Toronto Observa¬ 
tory, we have received daily values (excluding Sundays) of the diurnal 
lunge of magnetic declination at Toronto. These observations extend 
from 1856 to 1879 inclusive, thus forming a series of twenty-four 
years. Each number is the difEerence in scale divisions of the declino¬ 
meter between the greatest eastern and greatest western deflection of 
the declination magnet on each day, as observed at the hours 6 A.M., 
8 A.M., 2 P.M., 4 P.M., 10 P.M., and midnight, of Toronto mean time, one 
scale division of the instrument being equal to O'*72 nearly. It is 
probable that such differences represent very nearly the true diurnal 
range. 

• Disturbances appear to be violent at Toronto, and we have rejected 
a few of the most disturbed observations, embracing those which 
denote ranges above forty scale divisions, or 28'*8. In all 107 observa¬ 
tions were thus rejected in the series of twenty-four years. Although 
this rejection has been made, it must not be supposed that the remainder 
are entirely undisturbed, but are only freed from the excessive influence 
of a few violent disturbances. We have reduced in the meantime the 
sixteen years extending from 1858 to 1873, in order to compare them 
with a similar series of the Kew diurnal declination ranges, including 
disturbances. 

The method of reduction has been precisely that adopted for the 
Kew series, and already described by us (see “Proc. Roy. Soc,,” 
No. 20,1879, p. 313). 

Our object was to see whether there is any difference in phase 
between the various Toronto and Kew inequalties, and for this 
^purpose we have adopted precisely the method formerly pursued by 
us when comparing together the declination ranges at Kew and 
Prague (see “ Proc. Roy. Soc.,” vol. 29, p. 316). 

We have thus obtained the following result:— 

Table 1.—^Algebraic sum of Toronto and Kew Magnetic Inequalities. 

154514. 
161094. 
165016. 
165418. 
161404. 
154820. 


Toronto and Kew (Toronto 1 division to left) = 
„ (together) ' = 

„ (Toronto 1 division to right) = 

51 55 2 ,, - 
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It would appear from fcbis table that tbe phases of the various 
magnetic inequalities occur at Toronto nearly two days (more strictly 
1*6 days) before tbe advent of the corresponding phases at Kew. 

The result already obtained for Kew and Prague shows that the 
phases of magnetic inequalities occur at Kew nearly one day (more 
strictly 0*7 day) before the advent of the corresponding phases at 
Prague. Thus the two results agree together in representing a pro¬ 
gress of magnetic weather from west to east, and agree also with a 
result obtained by Balfour Stewart andMorisabro ffiraoka (see ‘‘ Proc. 
Roy. Soc.,’’ vol. 28, p. 2S8), showing that magnetic weather changes 
occur at Trevandrum, in India, 9*7 days later than at Kew. 

It ought, however, to be borne in mind ihat in the intercomparison 
of Toronto, Kew, and Prague, the observations include disturbances, 
while in the intercomparison of Kew and Trevandrum the undisturbed 
observations at Kew are compared with the whole body of observations 
at Trevandrum, this latter being a tropical station in which the effect 
of disturbance is extremely small. 


XrV. “On the Absorption of Gases by Solids.” By J. B. 
Hannay, F.R.S.E., F.C.S. Communicated by Professor G. 
G. Stokes, D.C.L., &c., Sec. E.S. Received June 4, 1881. 

During the progress of the investigations which I have from time to 
time had the honour of bringing under the notice of the Royal Society, 
I have again and again noticed the apparent disappearance of gases 
inclosed in vessels of various materials when the disappearance could 
not be accounted for upon the assumption of ordinary leakage. After 
a careful examination of the subject I found that the solids absorbed 
or dissolved the gases, giving rise to a striking example of the fixation 
of a gas in a solid without chemical action. 

In carrying out that most troublesome investigation, the crystalline 
separation of carbon from its compounds, the tubes used for experi¬ 
ment have been in nine cases out of ten found to be empty on opening 
them, and in most cases a careful testing by hydraulic press showed 
no leakage. The gases seemed to go through the solid iron, although 
it was 2 inches thick. A series of experiments with various linings 
were tried. The tube was electro-plated with copper, silver, and gold, 
but with no greater success. Siliceous linings were tried—fusible 
enamels and glass—but still the tubes refused to hold the contents. 
Out of thirty-four experiments made since my last results were pub¬ 
lished, only four contained any liquid or condensed gaseous matter 
after the fumacing. I became convinced that the solid matter at the 
very high pressure and temperature used must be pervious to gases. 
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This I find to be the case, and to a very remarkable extent. I am still 
investigating this matter, but as I have so much on hand it may be 
some time before I can finish the work, so I wish to place on record 
the results so far as I have proceeded. I find that glass, when at a 
temperature of about 200°, absorbs a large quantity of gas when the 
latter is under a pressure of 200 atmospheres. Oxygen and carbon 
dioxide have been used, and have been found to be largely absorbed, 
and on cooling the glass under pressure the gas is retained per¬ 
manently fixed. So much is absorbed that, on quickly raising the 
temperature to the softening temperature of the glass, the sudden 
escape of gas drives the glass into foam. On slowly raising the tem¬ 
perature and retaining it at 300°, most of the absorbed gas is given ofi 
without any visible action. 

The frothing up of the glass by the outrush of gas is very striking. 
Other silicates, and also borates and phosphates, absorb gas, especially 
carbon dioxide, under great pressure. Metals absorb hydrogen and 
some of its compounds with carbon. As the treatment of quantities 
of matter sufficient for analysis at these high pressures and tempera¬ 
tures is a matter of great difficulty, the majority of experiments being 
failures, the work proceeds but slowly; but I hope during the summer 
and autumn to be able to elucidate the subject quantitatively, when I 
shall detail the results to the Society. 

- XV. On the States of Matter.” By J. B. Hannat, F.R.S.E., 
F.C.S. Commimicated by Professor G. G. Stokes, D.O.L., 
&c., Sec. R.S. Received June 4, 1881. 

The conception which had been held from the earliest times that the 
three recognised states of matter were clearly separated from each 
other received a rude blow from the interpretation put upon the work 
of Andrews, that the liquid and gaseous states were really continuous, 
and that the two states could only be classified under one head—the 
fluid state. Andrews demonstrated that by placing a liquid under a 
pressure greater than the critical, and then,raising the temperature, 
the Hquid might be made to pass to an undoubtedly gaseous state 
without auy sudden change having been visible. Thns the continuity 
of the liquid and gaseous states seemed established. I say seemed, 
because I have shown in former papers that under any pressure the 
fluid passes at a given temperature from a state where it possesses 
cohesion, capillaiity, or surface tension—the distinguishing property 
of liquid, which prevents it freely mixing with a true gas—to a state 
where it possesses no cohesion, capillarity, nor surface tension, and 
where it mixes freely with any gas—^in fact, to the gaseous state; and 
^ Ais change takes place at a fixed temperature independent of pressure. 
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As MM. Cailletet and Hantefeuiile have recently come to the con¬ 
clusion that the continuity claimed by Andrews does not exist, and have 
thus corroborated my work, I wish to place on record more fully the 
conclusions to which this work has led me. 

In examining a subject of this kind it is important that we should 
first arrive at a clear understanding of the meaning of the language 
we use; second, of the means we have of proving our knowledge of 
the state of matter; and, third, of the value of such proof. 

Mrst, then, as to the meaning to be attached to the words solid, 

' liquid, and gaseous. The solid state is that state of matter which in an 
isolated portion free to move displays sufficient rigidity of its sub¬ 
stance to retain permanent irregularity of figure. The liquid state 
denotes that state of matter which in an isolated portion free to move 
displays sufficient freedom of motion in its substance to assume a form 
in accordance with the forces acting upon it, but which when partially 
filling an inclosed space retains a permanent limiting surface exhi¬ 
biting capillarity. The gaseous state denotes that state of matter 
in which it assumes no surface nor definite figure, and which is so 
extensible that any quantity will distribute itself throughout a 
space. 

Having defined the nomenclature, let us see what means we have of 
proving our knowledge of any state. Let us conceive that we are 
working with what we rarely or never have—^pure substances. When 
. water is nearly pure it freezes perfectly transparently; in fact, except 
for rigidity and difierence in density it could not be distinguished 
from liquid water. ISTow consider a vessel frozen quite full of pure ice; 
there is no free surface to examine, therefore one test of its state is 
gone. Now let enormous pressure be brought to bear upon the ice till 
its density is reduced to that of water at the same temperature, and 
let the temperature be the new freezing-point; then there is no way 
of knowing whether the inclosed water is liquid or solid, without 
applying special tests. Either the vessel must be broken to test the 
rigidity of the contents or motion must be given to the vessel, and 
dynamic tests made as to the behaviour of the contents; but what I 
wish to impress is, that can teach us nothing directly as to the 
condition of the contents. A free surface is required to indicate the 
state of matter. So it is with the liquid and gaseous states, but Just 
as they are more subtle, so are the modes of experimenting with them 
more difficult. Let us consider the case of a liquid inclosed in a space 
bounded by transparent sides having a piston free to move. When the 
pressure of the piston is less than that of the vapour of the liquid, 
■there will be a space occupied by vapour over the liquid, and the sur¬ 
face of the latter will be visible and its state recognisable at a glance; 
but let there be more pressure upon the piston than equals that of the 
vapour, then no vapour will be formed, and the liquid will fill the whole 
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cavity, in wMch state the whole snhstanoe cannot be determined by' 
sight alone, because no free surface is visible. It might be solid for all 
our eyes could tell us. Here, again, we see that a free surface is 
necessary for determining the state. In Andrews’ experimente there 
is no free surface, for at pressures greater than the critical a free 
surface is impossible. It was towards the procural of this free surface 
at any pressure that my work tended. The last definition is that of ^ 
the phrase “ free surface.” A free surface is that surface of a solid or 
Hquid matter which is in contact with vapour or gas, m fact, a surface 
in contact with a space where it has freedom of motion. 

The difference between the solid and liquid states being easily 
recoo'uisable, need not be stated, but that between the liquid and 
gaseous requires some consideration. Regnault has shown that every 
Uquid has a certain molecular activity corresponding to each tem¬ 
perature, in virtue of which it throws off from its free surface with a 
Lfinite ’mean velocity, a certain number of molecules per unit of 
surface. When the space over the liquid is limited, some molecules 
pass back again into the liquid, and when this number equals that of 
those outgoing, the space is said to be saturated. The pressure which 
the molecules by their impacts cause upon the &ides of the vessel is 
caUed the vapour tension of the liquid. When the temperature rises, 
a greater number of molecules are thrownoff than with the liquid, and 
the density of the vapour increases until it is nearly equal to that of 
the liquid. But still there is a limiting surface indicating the lower 
portion to be liquid. Let the temperature be now raised till the 
densities of the upper and lower portions are equal, then we have a 
state of matter in which the substance “ assumes no surface nor definite 
figure, and which is so extensible, that any quantity will distribute 
itself throughout a space,” as we before defined the gaseous .state. 

Now as to the proof that it is really in the gaseous state. The 
general effect of the attraction of the molecules of a liquid for each 
other and for solids, yields three measurable phenomena. First, the 
property of tensile strength measurable in liquid films (as soap- 
bubbles), second, capillary attraction, and third, the cohesion by reason 
of which the neck of a drop can support it as a wire supports a load. 
It has been shown by experiment, that all these three manifestations 
of attraction decrease as the temperature rises, and each may be used 
as a measurement of the other. As “ surface tension ” is the feature 
of the Hquid state, it was necessary to investigate how it is affected 
■ by the gas or vapour with which it is in contact, and the results 
showed that the height of a Hquid in a capillary tube is not per¬ 
ceptibly affected by replacing the air by hydrogen, or removing every^ 
except the vapour of the liquid. Even when hydrogen was 
compressed at 200 atmospheres pressure over a Hquid in which it is 
. nearly insoluble, the capillarity oiily feU very sHghtly. It appeared 
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tliat tlie coliesioii or capillarity of a liquid depends upon temperature 
alone, and tliat pressure lias no effect upon it. 

Practically, it was found tliat tlie less soluble a gas is in a liquid 
tlie less effect does its presence cause at any pressure, and it is certain 
that had we a gas totally insoluble in a liquid, we might compress 
that gas under any pressure OTer the surface, without effectiag the 
slightest change in the capillarity of the liquid. 

To return to Andrews’ experiment. It was seen that to determine 
the state of eyery quantity of matter, it was necessary to have a free 
surface, but by Andrews’ mode of experimenting at pressures greater 
than the “ critical,” this was impossible, the tube being filled with a 
homogeneous fluid; but it is possible to have a free surface, and to 
watch the alteration of the capillarity at any pressure, provided a gas 
can be obtained which is insoluble in the liquid. We have seen that 
when a gas dissolves in a liquid, the capillarity of the mixture is lower 
than that of the liquid alone, so by these means we can tell whether 
or not a gas is soluble. In this way it was found that hydrogen was 
insoluble in several liquids, and thus the conditions were established 
for examining loss of capillarity with rise of temperature at any 
pressures, the hydrogen keeping a free surface without affecting the 
liquid. It was found that the capillarity fell to zero at the same tem¬ 
perature, independent of pressure; in other words, the matter passed 
from a state where it “retains a permanent limiting surface exhibiting 
capillarity,” to a state where it “ assumes no surface nor definite 
figure, and which is so extensible, that any quantity will distribute 
itself throughout a space,” as we defined the liquid and gaseous states. 

The state of affairs in those experiments is this:—The hydrogen 
takes the place of a portion of the vapour of the liquid, but unlike the 
molecules of the vapour, its molecules are unable to penetrate the 
surface of tbe liquid, in any quantity, hot merely act by striking 
against the molecules which would otherwise pass out, and driving 
them back into the liquid. Could there be any greater proof than 
this of the special properties of a liquid surface ? Let the temperature 
be very near the critical, yet the mixture over the liquid retains a very 
much lower density than the liquid, as the hydrogen does its work in 
keeping back a portion of the vapour molecules. In this case the 
upper does not become equal in density to the lower portion of the 
fluid as in Oagniard de la Tour’s experiment, yet when the critical 
temperature is reached the meniscus disappears and diffusion occurs 
between the upper and lower portions. This phenomenon is seen at 
any pressure up to five times the “ critical ” pressui*e, showing that 
the change of state is independent of pressure. Gaseity is dependent 
upon molecular velocity (thermal activity), and to give it this velocity 
a very strong cohesion must be overcome. The velocity is not in any 
way dependent upon the pressure or upon the size of the vessel, and 
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therefore the gaseotis state proper cannot be altered by pressure alone. • 
The liquid state is thus bounded by an isotherm wMch marks the 
thermal activity equivalent to the attraction of the molecules and the 
continuity of the liquid and gaseous states enunciated by An^ews is 

‘"’"The^^^Se from the liquid to the gaseous state might be repre¬ 
sented by a curve where the line representing decrease of oapillanty 
passes through aero to a negative side, which in reality represents re- 
Lsion. In other words, the curve for liquid represents excess of 
attraction over repulsion, that^for gas excess of repulsion over 

The existence of this cohesion in liquids has been too much over- 
looked by the statistical method of looking at the states of matter.^ It 
is sompth in g very great compared with the amount of energy required 
to give the molecular velocity required to sustain the gaseous state. 
Let us by Dr. Joule’s method make a calculation. Suppose the mole¬ 
cules in a gram of steam to be at rest it would require 92 gram- 

degrees, or, in absolute measure, 383,161 ^^^m 


velocity enough to exert a pressure of one,_ atmosphere. Now the 
energy added to cause a gram of water to become steam at one atmo¬ 
sphere pressure is 540 gram-degrees (or 2,244,780 )> or 

about six times as much work to be done. And this is not all. We 
started from rest in the other calculation, here we start from water 
whose molecules are in motion. Five-sixths of the energy has gone to 
overcome the cohesion of the liquid. As we know, that to bring 
matter to the same state we must expend the same amount of energy, 
and as we may bring matter to the gaseous state either by boiling or 
by Andrews’ apparently continuous method; in the first case we would 
say the heat used up represents the latent heat of steam, and in the 
other the specific heat of water, but they are both really measures of 
the thermal value of the energy required to overcome the attraction of 
the molecules'. When, therefore, this energy has been given to the 
water, the cohesion has been overcome and the liquid state passed, 
whether or not it has been visible to our eyes. Thus from all evi¬ 
dence, experimental and theoretical, the liquid state has a limit, and 
the liquid and gaseous states are not really continuous. 

The definition of the gaseous state as a state of matter not alterable 
by pressure alone leads us to a clear division of aeriform matter into 
two states, the vaporous and gaseous, the first alterable, the second 
unalterable by pressure alone. Another distinction between vapour 
and gas is this: gases are solvents of solids; vapours are not.^ Let a 
liquid be coloured by having some non-volatile coloured solid dissolved 
and let it be heated under pressure, the liquid will remain 
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coloured while the vapour will be quite colourless, aud will remaiu so 
up to the critical point. 

!N’ow let the fluid be raised above its critical point, all the internal 
space wiU be coloured, showing that (the contents being gaseous) the 
gas dissolves the solid while the vapour does not. We have here a 
clear separation of the two kinds of aeriform fluids. The definition 
which I applied to the gaseous state at the beginning of this paper 
does not apply to the vaporous state, as we know that any quantity of 
it will not distribute itself throughout a space, because if we try to 
force vapour into a space already saturated, we cause a change of 
state, and a portion of the matter becomes liquid. Thus, instead of 
only two we have four distinct states of matter: sc4id, liquid, vaporous, 
and gaseous. 


XVI. The Relation of the WTute Blood Corpuscles to the 
Coagulation of the Blood.” By L. C. Wooldridge, B.Sc. 
Lend., Physiologische Anstalt, Leipzig. Communicated 
by Dr. Lauder Britton, F.R.S. Received June 8,1881. 

(Abstract.) 

The following is an abstract of some researches which have been 
carried out by the author in the Physiological Institute of the 
University of Leipzig. 

It has long been known that the white blood corpuscles are con* 
cemed in the coagulation of the blood. 

Alexander Schmidt, to whom we principally owe our knowledge of 
this fact, has distinctly formulated the part they play. He considers 
them as the source of two of the three factors which are, according to 
his well-known theory, necessary for the formation of fibrin. 

The two components which arise from the white blood corpuscles 
are, according to Schmidt, paraglobulin and fibrin ferment. 

The recent researches of Hammarsten have made it very probable 
that paraglobulSn is not directly concerned in the formation* of fibrin. 

If this be true, and if the views of Schmidt concerning the parti¬ 
cipation of the white corpuscles be also correct, the la.tter must neces¬ 
sarily only play a very subordinate part; that is, they must be mere 
ferment producers. 

In order to arrive at exact conclusions on this subject, the author 
has considered it necessary:—1st. To attain some more knowledge 
than we at present possess concerning the chemical nature of the white 
blood corpuscles. 2nd. To have exact data for the amount of white 
blood corpuscles which disappears during coagulation. 


2 F 2 
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Tbe first of tliese two subjects tbe autbor considers here. 

Por this purpose the leucocytes of lymphatic glands have been used 
as material. 

It can be considered as in the highest degree probable that these are 
essentially identical with white blood corpuscles. 

The leucocytes are obtained by finely dividing the glands (mostly 
the mesenteric glands of the calf) and gently rubbing the fragments in. 
a mortar with ^ per cent, solution of common salt. 

By filtration through a fine cloth, the cells are separated from the 
other constituents of the glands which remain behind on the filter, the 
cells passing through. 

By means of the centrifdgal machine, the leucocytes are well washed 
out with a i per cent, solution of common salt. The cells are perfectly 
distinguishable under the microscope and are apparently uncharged. 
After the washing out is completed, the cells are suspended in a little 
normal salt solution and are subjected to various experiments, the most 
important of which are as follows:— 

1. The lymfh cells are changed by simple chemical reagents into a 
substance closely resembling fibrin. 

If to one volume of suspended cells an equal volume of 10 per 
cent, solution of common salt is added, the whole is immediately con¬ 
verted into a peculiar semi-transparent jelly. 

If this be poured into water, or into 1 per cent, solution of common 
salt, it becomes immediately opaque. 

It now appears in the form of a white rounded lump, or it forms 
large membranes, often many inches in extent. 

These latter have the greatest resemblance to fibrin membranes such 
as appear in plasma obtained by various methods. The resemblance of 
the product to fibrin is made much more apparent if the substance be 
freed, by means of filtration and expression, as much as possible from 
water. It then appears as small flocculi, distinctly fibrous in their 
texture and elastic. 

The chemical behaviour of these flocculi are as follows:— 

In water they are insoluble. 

In solutions of common salt, they gradually swell up. 

In 0'2 per cent, hydrochloric acid, they are totally insoluble; if 
anything, they become firmer and more elastic.. 

In dilute alkalies, they gradually dissolve. 

The microscopical examination shows that the cells, as such, have 
disappeared. Only nuclei, imbedded in a distinctly fibrous ground 
substance, are visible. 

If the leucocytes are treated with distilled water, or with solutions 
of sulphate of magnesia, similar results are obtained. The cells are 
changed into a fibrous mass, with nuclei imbedded therein. 
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2. Behaviour of Leucocytes towards Plasma. 

Tlie only animals at tlie author’s disposal were dogs. The most 
convenient way of obtaining plasma from dog’s blood is to inject a 
solution of peptone into the blood of the living animal. If the animal 
be bled five or ten minutes after the injection of the peptone, the 
blood does not coagulate. (This fact was discovered by Dr. Adolf 
Schmidt, Mulheim.) 

By means of the centrifugal machine the blood corpuscles can be 
separated from the plasma. With this plasma I have experimented, 
and I shall call it peptone plasma. 

A general account of the action of peptone on the blood has been 
published by my friend, Dr. Fano. His researches were also carried 
out at Leipzig, and his observations have supplied me with many 
necessary details. My observations have led me to the conclusion that 
peptone plasma behaves towards the cells in a manner which is essen¬ 
tially similar to that in which solutions of common salt, of sulphate of 
magnesia, and distilled water behave. As I have already stated, by 
these latter reagents the protoplasm of the lymph cells becomes con¬ 
verted into a fibrous mass resembling fibrin. 

When peptone plasma is the destroying agent, the substance pro¬ 
duced is undoubtedly fibrin, and it owes its origin to a simple trans¬ 
formation of the protoplasm of the leucocytes into fibrin. It is per¬ 
fectly independent of the presence of a fibrinogenic substance in the 
plasma. 

The grounds on which I base this statement are clearly brought 
forward in the following experiments, which I shall adduce as 
ex:amples. 

A dog was injected with peptone; five minutes afterwards it was 
bled. The corpuscles were separated from the plasma by the centri¬ 
fugal machine, and the plasma allowed to stand overnight in ice. 
During the night, incomplete coagulation of the plasma occurred. 

This is a perfectly normal occurrence in peptone plasma, and it can 
be immediately brought about by dilution of the plasma with water, 
or by passing a stream of carbonic acid through it. 

The plasma in question, after the coagula had been separated by 
filtration, presented the following characters ;— 

It was totally uncoagulable— 

1. On dilution with water. 

2. On passing a current of CO 3 through it. 

3. On addition of Schmidt’s fibrin ferment. 

4. On addition of paraglobulin. 

5. On addition of normal serum.« 

6 . On standing till it was foul. 
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In short, by no means could the presence of a coagulable substance— 
fibrinogcen—^in the plasma be demonstrated. 

It behaved as f oUotvs towards cells:— 

To 20 cub. centims. plasma a very small quantity of lymph cells 
were added. Two minutes afterwards it coagulated, but only imper¬ 
fectly. The coagulum contracted rapidly. The serum which exuded 
was divided into two portions, to one a large quantity of lymph cells 
were added; very complete coagulation occurred in two or three 
minutes. The other porjjion showed not the slightest sign of coagu¬ 
lation for the twenty-four hours it was under observation, 

Thia process was repeate^. four times; ultimately, the plasma lost the 
property of changing the cells into fibrin. 

hTow, I say the plasma changes the cells into fibrin, and I base thi&. 
statement on the following facts, in addition to those already men¬ 
tioned :— 

1. The weight of the coagulum found is identical, that is, as nearly 
so as can be in such determinations, with the weight of cells which 
have been added. 

2. The percentage of albumens in peptone plasma before coagulation 
with cells is identical with the percentage after coagulation with cells. 

3. The pi'otoplasm of the cells has completely disappeared and has 
been converted into a partly fibrous, partly granular, ground substance 
the nuclei remain. 

4. If to a very large quantity of suspended cells, say 50 cub. 
centims., a very small quantity (1 cub. centim.) peptone plasma be 
added, the whole clots firmly. The microscope shows that the cell- 
body has disappeared. 

These facts suflBlce to show that the plasma converts the cells into 
fibrin, and that this conversion is independent of the presence of a 
coagulable substance (fibrinogen) in the plasma. 

But this is not all. I have already referred to the fact that a spon¬ 
taneous coagulation occurs in peptone plasma on standing, and that 
this can be accelerated by dilution with water, or by passing a current 
of carbonic acid through it. Solutions of the fibrin ferment also 
bring it about, but nob very much more rapidly than mere dilution. 

In some cases, the coagulation which can be induced by these means 
is very complete, in others it is very scanty. The' case I have 
described at length was one of the latter. 

In other cases, the coagulation is very complete, a firm dense clot is 
formed by the means adopted. Kow, on adding cells to such a plasma, 
not only are they converted into fibrin, but they induce the coagula¬ 
tion of the existing fibrinogen in the plasma. 

I may here remark, that I have feiled to find any ground whatever 
for the assumption that paraglobulin arises from lymph corpuscles. 

In the destruction of the lymph cells by salt solutions the only pro- 
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duct is tte fibrinous body mentioned, not tbe slightest trace of a 
globulin can be detected. 

In peptone plasma, paraglobulin is present in large quantities, and 
yet it is quite certain, as I shall mention later, that no breaking up of 
white blood corpuscles has taken place. 

3. The generally received view, as to the course of events in the 
normal coagulation of the blood, is as follows:— 

Yery soon after leaving the body the white corpuscles die; as a con¬ 
sequence of this they break up, and thereby give rise to the ferment 
and paraglobulin. 

The fibrinogen is pre-existent in the plasma. 

According to this view, then, the essential element in coagulation is 
the death of the white blood corpuscles. 

The results of my experiments are totally opposed to this view. 

They are shortly stated as follows:— 

The injection of a large quantity of dead lymph cells into the blood 
of a living dog, both in its normal state and when it has been injected 
with peptone, has no marked influence on the functions of the animal. 
Ho sign whatever of emboli can be detected after the animal is dead. 

I give one example:— 

A dog was peptonised; five minutes later a small quantity of blood 
was removed and divided into two portions, to the one lymph cells 
were added, it coagulated immediately, exactly like normal coagula¬ 
tion, The other portion remained uncoagulated for hours. 

After the removal of this small test quantity of blood, a very large 
quantity of dead lymph cells, suspended in ^ per cent, solution of 
common salt, were injected into the animal. The latter was appa¬ 
rently quite unaffected by this. It was in tiie narcotic state always 
produced by peptone, but it was able, in the course of three-quarters of 
an hour, to walk about. Ho coagula were found on post-mortem 
extoination. 

These facts are of great importance, for they show that coagulation 
is the result of a change in the plasiha, and has nothing to do with 
the vital properties of the cells; and they further fully confirm what I 
have endeavoured clearly to bring out, that the conversion of the 
white cells into fibrin is quite independent of the presence of any 
“ fibrinogen ” substance. Fibrinogen is present in “ living ’’ plasma, 
yet the dead cells produce no coagulation. Fibrinogen was absent 
from the peptone plasma, which still gave practically unlimited quan¬ 
tities of fibrin with lymph cells. 

Now, Alexander Schmidt has shown most di^inctly that white blood 
cells do unquestionably disappear as such during the normal coagula¬ 
tion of the blood; and, in another communication I shall confirm 
this in a most decided manner. I feel, therefore, justified, although I 
have, at present, only fully worked out peptone plasma, in saying that 
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tliere are two essential processes in the coagulation of the blood, one 
of which has been hitherto entirely wrongly appreciated or oyerlooked. 
This latter process is that the “dead” plasma converts the white 
corpuscles directly into fibrin. At the same time, however, that this 
occurs, a substance is liberated from the cells which converts the 
fibrinogen also into fibrin. This is the other process. The substance 
which is liberated from the cells is fibrin ferment. 


XVII. “ A New Line of Research bearing on the Physiology of 
Sugar in the Animal System.” By F. W. Pavy, M,D., 
F.R,S. Received June 8, 1881. 

Twenty-three years ago I presented a communication to the Royal 
Society, entitled “ On the alleged Sugar-forming function of the 
Liver.” 

Four years previously, viz., in 1854, -whilst conducting experiments 
directed towards determining the manner in which the sugar presumed, 
under the glycogenic doctrine, to escape from the liver was destroyed 
(as it was then believed to be) in the lungs, I discovered that what had 
been taken as representing the natural condition of the liver, and of the 
blood escaping from it in relation to sugar, was founded upon a falla¬ 
cious inference. By those who have only been acquainted with what, 
in recent times, has been recognised as constituting the state existing, 
the original position in which the matter stood will hardly be fully com¬ 
prehended. The strongly saccharine state in which the liver and the 
blood of the hepatic veins are found shortly after death was looked 
upon, without any question being raised about it, as representing the 
state existing during life. Without the slightest prior conception that 
such was likely to be the case, I found first that the blood between ’the 
liver and the lungs was not during life in the condition that had 
been supposed, and next that what I discovered for the blood applied 
also to the liver. The evidence which presented itself led me, as is 
known, to dispute the validity of the glycogenic theory, and the 
additional information which I have since from time to time obtained 
has materially strengthened the position I took. To my own mind, the 
conditions that we have to deal with looked at in their entirety, are 
totally irreconcilable with the glycogenic theory; but I know that the 
difficulty which has existed in accounting for the disposal of the 
glycogenic matter of Bernard encountered in the liver has stood in 
the way of a general adoption of my views. This subject, however, 
I am now prepared to approach and consider. 

When the glycogenic matter was discovered, it was described as 
jUndergoing transformation into sugar immediately it was brought into 
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contact witK blood. Bernard said o£ it “ Cette demiere [matiere 
glycogene dn foie] est tellement alterable qu’elle ne pent pas esister 
dans le sang sans etre immediatement cbangee en sncre, de sorte qn’elle 
ne pent jamais sortir dn foie qne sons cet etat.” This impression has^ 
governed the position left open to ns to take in relation to the disposal 
of the material, and rendered it necessary to look for some nndis- 
covered mode of transformation of it vTithin the liver nnder the pre- 
snmption that it does not reach tke circnlatory system as sngar. 

We have here a fnndamental point to deal with; and, as in my 
original commnnication to the Society, I had to commence by clear¬ 
ing the gronnd of error, so now it happens that I have to proceed in 
a similar way in relation to the point in qnestion. I have results to 
commnnicate which appear to me to place ns in a new position, bnt 
before these are considered it is requisite that the knowledge upon 
which we start should be set right. 

Whatever may be the future of the glycogenic theory, the substance 
which Bernard was the first to recognise will stand as it exists now. 
The name “ Glycogen ” was applied to it when certainly an erroneous 
notion existed regarding the condition of the liver and of the blood in 
relation to sugar. Its presumed destination suggested the application 
of the term. I have hitherto objected to its employment, and I have 
stronger grounds for doing so now. To avoid the incorporation of 
theory, I have spoken, in my previous writings, of the body in ques¬ 
tion under the provisional name of “ amyloid substance.” Something 
more definite than this is for final purposes required, and it appears to 
me- that it would be a fitting tribute to the memory of its discoverer 
to call it “Bemardin.” Such a name will be at once suggestive of 
the substance to which it is intended to refer, and will form an im¬ 
perishable memorial, which, whatever doctrine may prevail, will serve 
to identify the person, to whom all must admit physiological science 
owes so much, with the subject which formed the most prominent field 
of his labours. 

Entering now upon the results which it is the object of this com¬ 
munication to make known, I will begin with the experiments bearing 
on the efiect of bringing Bernardin (glycogen) into contact with 
blood. 

In these experiments the Bernardin was dissolved in a small quan¬ 
tity of water, and mixed with the blood in a defibrinated state. 
Sheep’s blood was the kind of blood used. The product was placed 
in an oven specially constructed for such a purpose, and maintained 
for half an hour at a temperature between 100® and 110° E. It was 
then subjected to examination, and the quantily of sugar present 
ascertained by the ammoniated cupric test.* 

* The ammoniated cupric test referred to was described by me in former 
commnnioations published in ‘‘ Proe. Roy. Soc.’* toI. 28, p. 260, and vol. 29, 
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In some instances, the process of preparation for titration with the 
test consisted of extraction with alcohol, and in others of precipitation 
of the alhuminons and colouring matters by heat with the aid of 
sulphate of soda. Bernardin (glycogen) prepared in different ways 
was used, and no difference in the results was perceived. Some 
of the specimens employed were obtained by simple extraction 
from the liver with water and precipitation with spirit. The actual 
condition of the specimen used as regards purity was ascertained 
by subjection to the converting action of sulphuric acid and heat, 
and the estimation of the glucose formed. In this way, the in¬ 
formation was obtained for supplying the figures found in the sub¬ 
joined table representing the Bernardin used, expressed in its equiva- 
Jent of glucose. The figures representing the sugar produced were 
obtained by deducting from the sugar found in the product of experi¬ 
ment the figures yielded by a specimen of the blood alone purposely 
exposed to parallel conditions. 


Bernardin (glycogen) added to Blood and exposed for half an hour 
to a temperature of 100° to 110° F. 



Amount of blood 
used. 

Amount of sugar 
producible from 
the Bernardin 
mixed with the 
blood. 

Sugar produced. 


cub. centims. 

grm. 

grm. 

Experiment 1. 

60 

0-267 

0-007 

» 2. 

60 

0-267 

0*018 

„ 3. 

30 

0*535 

0*005 

„ 4. 

30 

0-535 

0*005 

„ 5. 

25 

0*232 

0*009 

„ 6. 

50 

0*432 

0*014 

„ 7. 

50 

0*288 

0*021 • 

„ 8. 

50 

0 *144 

0*007 

„ 9. 

50 

0*294 

0*009 

„ 10. 

50 

0 *147 

0*009 

„ 11. 

50 

0*144 

0*036 

,, 12.! 

50 

0*144 

. 0 *033 

» 13.1 

25 

0*144 

0*007 

„ 14. 

50 

0*144 

0*009 

„ 15. 

25 

0 *144 

0*000 

„ 16. 

25 

0 *112 

0*003 

„ 17. 

25 

0*112 

0*002 


p. 272. Since bringing it under the notice of the Society, I have had a veiy 
large experience with it, and am thus enabled to speak in definite and confident 
terms about it. Its facility of application, delicacy, and precision place us in a most 
advantageous position in relation to the quantitative determinati6u of sugar. An 
important feature also belonging to it is that its action is not interfered with by the 
presence of nitrogenous matter as is the case with the ordinary cupric solution. 
Under my snperTision it has been used, I am quite within bounds in saying, some 
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The total of these resnlts is that Bernardia (glycogen) equivalent 
to 4*085 grms. of glucose was added to 705 cub. centims. of blood, 
and that the amount of sugar produced was 0*194 grm. I do not 
know the reason of the figures standing so much higher in experi¬ 
ments 11 and 12 than in any of the others. The two were conducted 
together and with the same specimen of blood, which was only used in 
these particular experiments. 

The amount of sugar produced is too insignificant to he susceptible 
of recognition by ordinary testing. Half a gramme of a sample of 
Bernardin (glycogen), standing equivalent to 0*367 grm. of glucose, 
was mixed with 25 cub. centims. of blood, and exposed for half an hour 
to 100° F, Prepared for testing with heat and sodic sulphate in 
the ordinary way, the product gave with the cupro-potassic test no 
visible indication of the production of sugar. 

The point shown by these experiments is that Bernardin (glycogen) 
may be brought into contact with blood and kept in contact, for some 
time, at a temperature equal to that of the living body, without under¬ 
going conversion into sugar to more than what may be spoken of 
as quite an insignificant extent. Hot only do the quantitative deter¬ 
minations of sugar prove this, but there is the further conclusive fact 
that the Bernardin is subsequently recoverable from the blood. The 
ground is therefore cleared in such a manner as to show that there is 
nothing inconsistent with Bernardin existing in and constituting a 
natural element of the blood. 

Having established this foundation, I will now proceed to deal 
with the blood as it exists in the body, investigated in relation to 
Bernardin. 

It is only when light begins to dawn upon a subject that the path of 

thousands of times ; and if an experience of this kind will justify an expression of 
opinion, I may state that I am satisfied it will be found inTaluable alike to the phy¬ 
siologist, the chemist, and the physician. 

The test is prepared by adding ammonia to a cupro-potassic solution, for which 
the following is the formula;—' 


Cupric sulphate .. 34*65 grms. 

Potassic sodic tartrate (Rochelle salt). 170 „ 

Potash. 170 „ 

Water.. .... to 1 litre. 


For the ammoniated test 120 cub. centims. of the above solution are mixed with 
300 centims. of strong ammonia (sp. gr. 0*880), and water added to a litre. 20 
cub. centims. of this ammoniated cupric liquid are decolorised by 0*010 grm. of 
glucose. 

The liquid to be examined is allowed to drop from a burette into a suspended flask 
containing the test, which is kept briskly boiling till decoloration has been attained. 
The reduction being attended with decoloration without precipitation, there is 
nothing to obscure the determination of the moment when the precise point wanted 
has been reached. 
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investigation, whicTi is calculated to lead to an extension of knowledge, 
appears in view. Until a definite purpose to work np to, suggested by 
sometbing or otber whicb has been extricated from tbe realm of dark¬ 
ness is attained, engagement in tbe laboratory operations of research 
is unsatisfactory employment. For some time, I persevered in con¬ 
ducting general analytical examinations of tbe blood and liver, hoping 
that, through the results obtained, light might appear in some direction 
or other, but they failed to lead to any useful acquirement of know¬ 
ledge. Later on, from information supplied by a collateral course of 
inquiry, I was induced to conduct examinations by another method of 
procedure, which was not likely to have been hit upon accidentally; 
and through these a new field has been opened out, which, if I judge 
rightly, has given signs of proving productive of an important addi¬ 
tion to our knowledge. 

It would scarcely occur to a person, unless forced upon him by what 
he had otherwise observed, to think it necessary in relation to the 
matter under consideration, to preserve the coagulated residue of 
blood and submit it to examination. It will be seen, however, from 
what has to be stated, that besides a certain amount of glucose, which 
may be removed by alcohol, blood contains a principle which agrees 
with Bernardin (glycogen) in being insoluble in alcohol, and converti¬ 
ble into glucose by exposure to the infiuence of sulphuric acid and 
heat. Some of this principle is dissolved out by water under aqueous 
extraction, but the remainder clings to the coagulated residue, which 
has t'O be subjected to special treatment in order that it may be brought 
into view. Thus, unless a special mode of examination is adopted 
which is not likely to suggest itself accidentally to the mind, the 
principle in question incorporated with the coagulated residue wiU 
remain concealed from observation. 

In conducting a full or detailed examination of blood, the first step 
to be undertaken is the separation of the glucose which it contains 
for quantitative examination. Let 25 to 50 cub. centims. of defibri- 
nated blood be poured into five or six times their volume of spirit. 
The glucose being soluble in alcohol is susceptible of extraction by 
this liquid. It is held, however, more tenaciously by the coagulated 
matter than might be expected, and hence to effect a complete re¬ 
moval several washings and pressings are required. At first I was 
deceived through not fully realising this fact, and thought I had 
obtained evidence of the presence of glucose, of a maltose-like body 
giving a greater cupric oxide reducing action after being subjected to 
the converting infiuence of sulphuric acid and heat than before, and 
of a substance agreeing with Bernardin (glycogen) in blood. The 
first I found in the alcoholic extract, the second in the aqueous extract, 
and the third in the solid residue. The maltose-like body, I have 
since ascertained, has no real existence. The cupric oxide reducing 
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action in tlie aqueous extract noticeable before subjection to snlpburio 
acid and beat, arose from tbe glucose not having been thoronghlj 
extracted in tbe alcoholic process, and tbe increased reducing action 
after sulphuric acid and beat was due to tbe presence, in addition to 
tbe glucose referred to, of a little Bernardin (glycogen) dissolved out 
from tbe residue by tbe water. 

Tbe plan that I adopt for effecting tbe complete removal of tbe 
glucose is as follows:—Tbe defibrinated blood which has been taken 
for examination is poured into tbe requisite quantity of spirit, and tbe 
two are well stirred together. I am under tbe impression that it is 
advantageous for tbe coagulum to be allowed to remain in contact 
with tbe spirit till tbe following day. After being boiled by tbe beat 
of tbe water bath, tbe alcohol is strained off through a piece of linen 
material which has been cleansed so as to be free from dressing. 
Washing with alcohol is performed, and tbe coagulum in tbe linen 
is subjected to forcible squeezing in a suitable sized press. The 
residue, which by this process is converted into a dry cake, is pulverised 
in a mortar, mixed with fresh spirit, boiled over tbe water-bath, and 
again strained and pressed. Tbe process is repeated once more, and 
this I find is sufficient. Thus extracted three times, there is practically 
no glucose left in tbe solid residue, and when an aqueous extract is 
made it gives no appreciable cupric oxide reducing action before sub¬ 
jection to tbe infiuence of sulphuric acid and beat. 

Two extractions with alcohol might prove sufficient if carefully 
made, but it is safer to use three. To give tbe representations of 
actual results yielded, 50 cub. centims. of sheep’s blood were extracted 
with alcohol. Tbe -first alcoholic extract contained 15 mgrms. of 
glucose, tbe second 4, and tbe third no definite aiqount. Some sugar 
from diabetic urine was added to sheep’s blood, and 50 cub, centims. 
taken. Tbe first alcoholic extract was found to contain 144 mgrms. of 
glucose, tbe second 9, and tbe third nothing definite. 

To prepare tbe alcoholic extraction for testing, the mixture of alcoholic 
liquids obtained is acidified with acetic acid, heated to near boiling 
point over the water-bath, and then filtered through ordinary filtering 
paper. It is now brought down by heat to a small bulk, and treated 
with an excess of crystals of sulphate of soda with the view of 
causing the fatty matter finely dispersed through the liquid to agglo¬ 
merate so as to be susceptible of x'emoval by filtration. Water is 
added to the surplus crystals of sulphate of soda, and a hot solution 
made which is used for washing purposes. 

The titration of the product of alcoholic extraction with the 
ammoniated cupric test gives quantitative resalts vrhich stand in 
complete accord with those I obtained by the gravimetric process, 
which were mentioned in communications published in Proc. Roy. 
Soc.,” vol. 26, pp. 314 and 346. 
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For the purpose of ascertairing what kind of sugar is contained in 
the alcoholic extract, the product of extraction has been titrated with 
the ammoniated cupric test before and after subjection to the convert¬ 
ing influence of sulphuric acid and heat. The resutts have shown that 
no increased reducing action is given after treatment with sulphuric 
acid and heat. 

The cupric oxide reducing principle, therefore, which is extracted 
by alcohol from blood, consists of glucose. 

When the alcoholic extraction has been thoroughly effected, the 
coagulated residue of blood fails, as I have stated, to yield to water 
anything possessing jper se a cupric oxide reducing property. After 
treatment, however, with sulphuric acid and heat the aqueous extract 
is found to exert a certain amount of cupric oxide reducing action. 
The substance removed by water which possesses this property is part 
of the material present in the coagulated residue, which closely resem¬ 
bles, if it does not actually constitute, Bernardin (glycogen). There 
appears to be uncertainty in the amount extracted by water, and I 
think it may be considered that no useful information is derivable froiii 
the examination of the aqueous extract. Just for the purpose, how¬ 
ever, of giving a representation of what I have found, I may state 
that taking the several observations of which I have a record (thirty- 
two in number), the amount of'material contained in the aqueous 
extract convertible into cupric oxide reducing substance by sulphuric 
acid and heat, stands at about 0*290 per 1,000 expressed as glucose. 

It did not occur to me, at starting, to do anything in the way of 
examining the residue left after alcoholic and aqueous extraction, not 
imagining that there would be anything of concern to me present. In 
the course of investigation, however, grounds presented themselves for 
leading me to deal with the residue, and I determined to treat it as I 
have been in the habit of treating the liver in making a quantitative 
determination of Bernardin (glycogen). 

This process consists of dissolving by means of an alkali, pouring 
into spirit, and collecting the precipitate. Bernardin (glycogen) pos¬ 
sesses two properties which greatly facilitate its separation from other 
bodies, viz., resistance to the action of an alkali and insolubility in 
alcohol. Albuminoid matters are attacked by caustic alkalies, and are 
then not precipitable by spirit as before. A method of separation is 
thus supplied. The object of applying the process was to ascertain 
whether there existed concealed in the residue anything of the nature 
of Bernardin (glycogen). 

The residue was treated with water, and caustic potash added in the 
proportion of about one-fifth of the original weight of blood taken for 
examination. Heat was applied until solution occurred, and the pro¬ 
duct was poured into about five or six times its volume of spirit. The 
precipitate was allowed till the following day to settle, and the spirit 
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was tlien carefullj decanted off and some fresli spirit added and time 
again giyen to settle. The next step was to purify the product, and 
this was done by collecting and dissolving it in a little water, 
thoroughly acidifying the solution with acetic acid, filtering from the 
precipitate produced, and then re-precipitating with spirit. The pre¬ 
cipitate thus finally obtained was dissolved in water and examined. 
The solution was found to exert no reducing action upon the aramo- 
niated cupric test before treatment with sulphuric acid and heat, but 
did so afterwards. Such is the behaviour of Bemardin (glycogen), 
and such behaviour, it is to be noted, was obtained from a product 
furnished by the process of preparation adapted for yielding in a 
separated form whatever of the principle in question the blood might 
contain. 

I have spoken of the material I have been referring to, which is 
precipitable by sphit and convertible into glucose by sulphuric acid 
and heat, under the name of Bemardin, but I am not prepared to state 
that the principle which exists in the blood is absolutely identical with 
that belonging to the liver. The determination of this point must 
form the subject of future investigation. 

The process I have described is the one by which I learnt that a 
principle agreeing with Bemardin (glycogen) may be recognised in the 
blood. A shorter method, however, may be had recourse to for reveal¬ 
ing its presence. The blood may be at once treated with potash and 
the product poured into spirit. The subsequent steps to be followed 
are those which have been already described. 

It is through the ammoniated cupric test that I have been led on to 
the acquirement of the information that I have obtained. The delicacy 
of the test, and the circumstance that its action is not interfered with 
by the presence of a small quantity of nitrogenous matter, have 
enabled me to discern conditions which the ordinaiy application of 
the cupro-potassic test would have failed to have revealed. Once in 
possession, of the knowledge supplied through the ammoniated cupric 
test, I could see that the ordinary cupro-potassic test ought to be sus¬ 
ceptible of being rendered applicable for revealing the glucose pro¬ 
duced from the Bemardin (glycogen) existing in blood, and such, I 
find, proves to be the case. Brom half a litre to a htre of blood should 
be taken and treated by being at once boiled with potash and poured 
into spirit. The aqueous solution of the ultimate alcoholic precipitate 
obtained possesses, as will be understood, not the slightest cupric oxide 
reducing power of its own; but, after treatment with sulphuric acid 
and heat, and subsequent neutralisation, gives a good reaction with the 
cupro-potassic solution used in the ordinary way. The suitability of 
blood for operating upon to show this result varies, and a specimen 
should be procured from an animal in good condition and well fed up 
to th^ time of death. The blood obtained from the slaughter-house is 
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not always a favourable specimen for the purpose, and this is scarcely 
to he wondered at, looking at the abnormal state the animals often 
exist nnder for a day or two previous to being killed. Similarly, it is 
found that for collecting Bemardin (glycogen) from the liver, the 
slaughter-house often affords a very unfavourable specimen for the 
purpose. 

I will furnish the results of the quantitative analyses I have per¬ 
formed. They were simply taken just as the specimens happened to 
present themselv’es. As yet I have not done anything towards ascer¬ 
taining in a systematic way how the quantity of the principle is modified 
by antecedent conditions. This will form a subject for subsequent 
investigation. The glucose figures yielded by the analysis have been 
brought into Bernardin (glycogen) figures by the method of calcula¬ 
tion which will be later on referred to. 


Amount of Bernardin (glycogen) found per 1,000 of Blood. 


Sbeep. 

Bullock. 

Cat. 

Babbit. 

Horse. 

0*621 

0*422 

0-540 

0*630 

0*649 

0-432 

0*623 

0*423 

0*797 

6*388 

1*025 

0*605 

0*709 

0*594 

0*687 

-1*483 

0*261 

0*283 

0-540 

0*522 

0*837 

0*423 

0-387 

0*441 

0*630 

0 -967 
0-693 

0*858 

0*504 


The mean of these twenty-nine results, taken altogether, gives 0'616 
as the amount of Bernardin found per 1,000 of blood. 

It has been seen that the method I adopt for the quantitative deter¬ 
mination of the Bernardin present in the blood, is the conversion of it into 
glucose by the agency of sulphuric acid and heat, and then estimating 
the glucose by means of the ammoniated cupric test. This is the plan 
adopted for the quantitative determination of starch. I have experi¬ 
mented to ascertain the conditions required for securing complete con¬ 
version into glucose, and have found that Bernardin offers a far greater 
resistance to the converting action of sulphuric acid and heat than I 
had at first anticipated. The particulars of an observation are before 
me which showed that, after the process of boiling had been carried on 
for four hours, full conversion had taken place ; whilst, at the end of 
three hours, conversion was considerably short of complete. 

Fortunately for the progress of investigation, it happens that by 
exposure to a higher temperature under pressure, a comparatively 
short time suffices for effecting the complete conversion of Bernardin 
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into sugar. If tlie necessity existed for liaving recourse to such a 
prolonged operation as boiling for four hours, a serious obstacle would 
be ofEered to the performance of the quantitative determination to 
wMch we have to look for the supply of information. To shorten the 
time of exposure, I at first employed a stout glass fiask with a vul¬ 
canised rubber bung wired into its mouth, and immersed this in an 
oil-bath heated to a considerably higher temperature than that of 
boiling water. JFmding that I could not make sufficiently rapid 
progress with my investigations by proceeding in this way, I had a 
stout copper boiler constructed for the application of heat under 
pressure. It is provided with a Hd which is screwed down with iron 
bolts, and has a lever safety-valve with a shifting weight to regulate 
the pressure. The boiler is large enough to receive a number of flasks, 
so that several products can be operated on at a time. I am in the 
habit of working it at 45 lbs. pressure, which gives a temperature 
just under 300° F. At this temperature, the conversion into glucose is 
accomplished within about a quarter of an hour. It is reliably secured 
by exposure for half an hour, and this time I am in the habit of 
allowing. 

The quantity of sulphuric acid used is in the proportion of about 
4 per cent, of the strong acid to the volume of liquid that is being 
worked upon. It is essential to give attention that the conditions are 
not such that the acid is appropriated to the liberation of another acid 
unendowed with the power of exerting a converting influence: such, 
for instance, as would occur if acetic acid had been previously used so 
as to leave a considerable quantity of acetates present. 

From the amount of glucose, which, through the ammoniated 
cupric test has been ascertained to be produced, the quantity of 
Bernardin (glycogen) is calculated. The accepted formula for 
Bemardin is the same as for starch, viz., CgH^oOg. The formula for 
glucose is CgH^gOg. The equivalent of the one is 162 and of the 
other 180. From these we obtain the factor for the conversion of 
glucose figures into Bernardin figures:— 

Let X = the amount of Bernardin equivalent to one part of glucose. 


Then, as 


180 : 162 


or 


^_162_ 9 _ 
‘ 180 10 



Hence *9 stands as the factor to multiply by to convert glucose figures 
into Bernardin figures. 

I have shown that after the extraction of glucose’from blood by 
alcohol, there is to be found a material which gives no cupric oxide 
reducing action before treatment with sulphuric acid and heat but 
does so afterwards. Water dissolves out a certain portion of this 
VOL. xxxn. 2 G 
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material; but tbe larger portion remains incorporated witb tbe solid 
residue and is susceptible of being brought into view by boiling with 
potash and subsequent precipitation with spirit, 

Bernardin (glycogen) added to blood behaves in a similar way. It 
is carried down, in great part, by the precipitated matter when coagu¬ 
lation is induced, and afterwards so tenaciously held that only the, 
minor portion is removed by washing with water. The proportion 
dissolved out by water has varied considerably in diiEerent instances, 
and I have been led to question whether, in some cases, it may not be 
held to a more fixed extent than in others. I was at first much 
puzzled to know what had become of the substance, and it seemed, 
until I recognised it in the coagulated residue, that contact with blood 
led to an immediate extensive disappearance. To recover it, the 
coagulated matter ’requires to be subjected to disintegration by boiling 
with a caustic alkali. In some experiments, a notable amount of 
Bernardin has still remained unaccounted for, but, in some others, it 
has been nearly all recovered. For instance, in two recent experi¬ 
ments, after half an hour’s exposure to a temperature of from 100° to 
110° F., the following results were obtained: Bernardin equivalent to 
0T12 grm. of glucose was in each case added, and Bernardin equiva¬ 
lent to 0T05 grm. of glucose in each case recovered. In another 
experiment Bernardin equivalent to 0*294 grm. of glucose was added, 
and Bernardin equivalent to 0*269 grm. of glucose recovered. I con¬ 
sider that further observations upon this subject require to be under¬ 
taken. 

It is known that precipitates have a tendency to carry down other 
substances with them, and this principle, it may be suggested, 
accounts for what has been adverted to above. I am inclined to think, 
however, fi:om a review of all the evidence before me, that there is 
something more than this at the foundation of what occurs. The 
question may be raised whether there is not some feeble combination 
existing, and whether this may not have a bearing of considerable 
physiological importance. Subjoined are results touching the point 
under consideration. 

A weighed quantity of liver from a recently killed dog was reduced 
to a pulp and thoroughly extracted with alcohol for the removal of 
glucose. The coagulated residue from the alcoholic washing was then 
extracted with repeated washings of boiling water till the washings 
came away clear instead of lactescent as at first. The washings were 
collected and the Bernardin (glycogen) estimated by conversion into 
glucose and calculation from the glucose found. After being thus 
washed the liver residue was kept in a moist condition till the follow¬ 
ing day, when the process of washing and estimation of the extracted 
Bernardin was again performed. The process was subsequently re¬ 
peated in a similar way; and, finally, the liver residue which had been 
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subjected to tbe several daily wasbings was boiled with potasb and 
ibe liquefied product poured into spirit and tbe Bernardin collected 
rand estimated. Tbe following are tbe figures that were yielded :— 

. Per 1,000 of liver. 

Bernardin extracted tbe 1st day. 18*833 

„ » 2nd „. 3*879 

^ „ 5, ^rd .. 2*961 

4tb . 2*817 

Bernardin remaining in tbe liver residue .. 85*145 


In another similarly conducted experiment upon tbe liver of a cat 
tbe following results were obtained:— 

Per 1,000 of liver. 

Bernardin extracted tbe 1st day. 3*951 

» » , 2nd .. 1-134 

„ 3rd .. Trace . 

Bernardin regaining in tbe liver residue .. 3*609 


Tbe above liver, it will be seen, was poor in Bernardin; and this is 
•often noticed in tbe cat, unless tbe animal bas been fed witb -milk or 
bread in addition to, or in beu of, meat. 


In a third experiment upon the liver of a rabbit tbe following 
figures were furnisbed :— 

Per 1,000 of fiver. 

Bernardin extracted tbe 1st day. 13*503 

,, „ * 2nd ,, .....«•••• 3*376 

„ „ ‘^tb „. 8*688 

Stb . 2*466 

,, 5, 12tb 5,.. 2*299 

Bernardin remaining in tbe liver residue ., 73*167 


These results show bow imperfectly ordinary extraction witb water 
removes Bernardin from tbe liver substance, and account for the small 
quantities which, perhaps, may have been noticed to have been 
obtained when aqueous extraction bas be^n bad recourse to for collect¬ 
ing it. 

Before tbe above quantitative experiments were performed, I noticed 
tbe following circumstance, which, indeed, led me to undertake them. 
Some bruised liver substance was washed in a beaker witb boiling 
water, till tbe water failed to present tbe sbgbtest appearance of 
lactescence. Tbe last washing was poured.ofi, and tbe liver substance 
simply left in a moist condition in tbe beaker, till tbe following day. 
On then boiling it up witb water, a highly lactescent liquid (from tbe 
extraction of Bernardin) was again obtained. A few repetitions of tbe 
washing resulted, as on tbe previous day, in clear liquid being yielded, 
and tbe residue placed aside as before in a moist state, gave rise on 

2g2 















430 Dr. F. W. Pavy. Ee$earch hearing on the [June 16,. 

the following day to a recurrence of the phenomena. In some way 
or other, the Bemardin is held in the tissue, and with the lapse of time- 
is set free for being taken np by water. 

Although what I have described is noticeable when the liver sub¬ 
stance is extracted with water at 212° F., yet a very different result is' 
attainable by extraction under pressure, at a temperature of 300° F.. 
At this temperature, it is found that all the Bernardin is speedily 
extracted. The copper boiler or digester, which I employ for the- 
conversion of Bernardin into glucose by sulphuric acid, has been made 
use of for the extraction of liver experiments at 300° F., and half an 
hour, as the following statement of results obtained shows, has sufficed 
for the full accomplishment of extraction. 

Two weighed portions of rabbit’s liver, which had been bruised to a 
pulp in a mortar, were treated with spirit, and washed and pressed for 
the removal of glucose. The solid residue was then, in the one case, 
boiled with a solution of potash, and the Bernardin precipitated with 
spirit, and afterwards estimated in the usual way by conversion into* 
glucose. In the other case, the liver residue, after alcoholic extraction, 
was treated with water and extracted at 300° F. The aqueous 
extract was then boiled with a little potash, and the Bernardin pre¬ 
cipitated with spirit and estimated by conversion into glucose. The- 
figures yielded stood thus :— 

Bernardin per 

1,000 of liver. 


After solution of liver substance in potash. 91 '314 

After extraction at 300° F. . 93 '015 


In a second similarly conducted experiment upon a rabbit’s liver,, 
the figures obtained were:— 

■ Bernardin per 
1,000 of liver. 


After a solution of liver substance in potash. 64 '242 

After extraction at 300° F. 68 '040 


In a third experiment upon a cat’s liver, the results were:— 

Bernardin per 
1,000 of liver. 


After solution of liver substance in potash. 30 ‘?35 

After extraction at 300° F. 31 *742 


Whatever the precise explanation, it follows from the results which 
have been set forth that the manner in which Bernardin (glycogen) is 
held, or the condition under which it exists in the liver, is such that 
at a temperature of 300° F., it is readily and completely susceptible of 
removal by water, whilst the resistance offered to removal is at the 
spwae ihne sufficient to permit only partial extraction to occur within 
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moderate limits of time at the ordinary boiling temperature of 
water. 

When referring to the Bernardin (glycogen) discoverable in the 
blood, I stated that I. was not prepared to assert that the principle 
•existing in the blood is absolutely identical with that belonging to the 
liver. There is a point of difference which I have noticed in relation 
to the effect of extraction with water at 300° F.; but whether this is 
•due to a difference in the properties of the principle itself, or whether 
to the manner in which it is held by other matter, I am not yet in a 
position to decide. The Bernardin of the liver, as I have shown, is 
readily extracted with water at 300° F., whilst according to the ex¬ 
periments I have conducted, that of the blood is not similarly sus¬ 
ceptible of removal. 

I have not yet said anything about the structures of the body 
■generally in relation to Bernardin. I have subjected the spleen, 
pancreas, kidney, brain, and muscle to the same kind of examination 
as I have adopted in the case of the blood, and have found in all a 
notable amount of Bernardin. 

Muscle has long been known to contain Bernardin (glycogen), but 
the quantity I obtain by the potash process is decidedly greater than 
what I believe is generally thought to be present. From cat’s muscle, 
in one of my observations, the analysis yielded upwards of 5 per 1,000- 
Horse’s muscle has been known to be specially characterised as con¬ 
taining Bernardin, and 9 per 1,000 in one instance is the quantity I 
have obtained. 

Tn the observations I have yet made upon the spleen, pancreas, 
kidney, and brain, the largest amount of Bernardin has been found in 
the spleen, and in one instance the quantity indicated was a little 
under 4 per 1,000. 

Bernardin therefore has been found as a constituent of all the tissues 
I have up to the present examined. I have likewise obtained it in 
notable amount from both the white and yolk of egg. 

Besides Bernardin, there is, in the several tissues I have referred to, 
a cupric oxide reducing substance, which is susceptible of extraction 
by alcohol, and this also is present to a somewhat notable extent. In 
the case of the spleen, pancreas, kidney, and brain, this body appears 
to be glucose, the reducing power in most of the instances having 
come out about the same before and after the treatment with sulphuric 
acid and heat. In the case of muscle, however, the reducing power 
has been usually observed to be about twice as great after the treat¬ 
ment with sulphuric acid and heat as before. It seems, therefore, that 
we have here a body of the nature of maltose, instead of glucose, to 
^eal with- 

Althongh I have a considerable number of observations before me, 
yet I consider it advisable, at present, only to speak in the general way 
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that I have done upon this last s abject. Observations conducted under- 
varied physiological conditions require to be undertaken, so that 
besides having the facts as mere chemical facts before us, we may be- 
in a position also to deal with them from a physiological point of view.' 
In a subsequent communication, I will enter further into this matter,, 
and then supply details of the actual quantitative results. 

Summary of Conclusions, 

Bernardin (glycogen) does not undergo any significant transforma- 
•tion into sugar in contact with blood. 

Bernardin exists to a distinctly notable extent as a normal consti¬ 
tuent of blood. 

The eviden.ce derivable from the observations recorded on the- 
addition of Bernardin to blood and its subsequent recovery, and on its- 
extraction from the liver by boiling water on successive days, and by 
water at 300° F., tends to show that Bernardin enters into feeble com¬ 
bination with nitrogenous matter. 

Bernardin exists in notable amount, not only in muscle, as has been 
previously known, but also in the spleen, pancreas, kidney, and brain.. 
These are all the structures I have yet examined. It also exists in 
notable amount in the white and yolk of egg. These several products 
likewise contain a cupric oxide reducing substance, which is extracted 
by alcohol, and which, in most instances, possesses the characters of 
glucose, but, specially in the case of muscle, the characters of maltose.. 

Through the existence of Bernardin (glycogen) throughout the 
system, as has been represented, we have a carbohydrate occupying- 
a parallel position to albumen, viz., existing in the colloidal state, and 
thus adapted for retention within the body, instead of passing off as a 
diffusible substance as glucose tends to do. 


XVIIL On the Stresses caused in the Interior of the Earth 
by the Weight of Continents and Motintains.” By G. H.. 
Daewin, F.R.S. Received Juno 11, 1881. 

(Abstract.) 

In this paper I have considered the subject of the solidity and 
strength of the materials of which the earth is formed from a point of 
view from which it does not seem to have been hitherto discussed. 

The first part of the paper is entirely devoted to a mathematical in¬ 
vestigation, based upon Sir William Thomson’s well-known paper on 
the rigidity of the earth.’^ The second part consists of a summary 
and discussion of the preceding work, 

* « Thomson and Tait’s ISTat. Phil.,” § 834, or « Phil. Trans.,” 1863, p. 573. 
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The existence of dry land proyes that the earth’s surface is not a 
figure of equilibrium appropriate for the diurnal rotation. Hence the 
interior of the earth must be in a state of stress, and as the land does 
not sink in, nor the sea-bed rise up, the materials of i^hich the earth 
is made must be strong enough to bear this stress. 

We are thus led to inquire how the stresses are distributed in the 
earth’s mass, and what are magnitudes of the stresses. 

In this paper I have solved a problem of the kind indicated for the 
case of a homogeneous incompressible elastic sphere, and have applied 
the results to the case of the earth. 

If the earth be formed of a crust with a semi-fluid interior, the 
stresses in that crust must be greater than if the whole mass be solid, 
very far greater if the crust be thin. As regards the condition of in¬ 
compressibility attributed to the materials of the earth, it is proved in 
this paper that the compressibility of the solid would make no sensible 
difference in the results ; except, indeed, in the case where the defor¬ 
mation of the sphere is of the second spherical harmonic class, when 
large compressibility would considerably modify the results. 

The strength of an elastic solid is here estimated by the difference 
between the greatest and least principal stresses, when it is on the 
point of breaking, or, according fco the phraseology adopted, by the 
breaking stress-difference. The most familiar examples of breaking 
stress-difference are when a wire or rod is stretched or crushed until 
it breaks; then the breaking load divided by the area of the section 
of the wire or rod is the measure of the strength of the material. 
Stress-difference is thus to be measured by tons per square inch. 

Tables of breaking stress-differences for various materials are given 
in the paper. 

The problem is only solved for the class of inequalities called zonal 
harmonics; these consist of a number of, waves running round the 
globe in parallels of latitude. The number of waves is determined by 
the order of the harmonic. In the application to the earth the equator 
here referred to may be any great circle, and is not necessarily the 
terrestrial equator. The second harmonic has only a single wave, and 
consists of an elevation at an equator and depression at the pole; this 
constitutes ellipticity of the spheroid. An harmonic of a high order 
may be described as a series of mountain chains, with intervening 
valleys, running round the globe in parallels of latitude, estimated 
with reference fco the chosen equator. 

The case of the second harmonic is considered in detail, and it is 
shown that the stress-difference rises to a maximum at the centre of 
the globe, and is constant all over the surface. The central stress- 
difference is eight times as great as the superficial. 

On evaluating the stress-difference arising from given ellipticity in 
a rotating spheroid of the size and density of the earth, it appears that 
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if tlae excess or defect of ellipticity above or below tbe equilibrium 
value were then tbe stress-difference at tbe centre would be 

8 tons per square inch; and that, if tbe sphere were made of material 
as strong as brass, it would be just on tbe point of rupture. Again, 
if tbe bomogeneous eartb, witb ellipticity were to stop rotating, 
tbe central stress-difference would be 33 tons per square incb, and it 
would rupture if made of any material excepting tbe finest steel. 

Tbe stresses produced by harmonic inequalities of bigb orders are 
next considered. Tbis is in effect tbe case of a series of parallel 
mountains and valleys, corrugating a mean level surface witb an 
infinite series of parallel ridges and furrows. 

It is found that tbe stress-difference depends only on tbe depth 
below tbe mean surface, and is independent of tbe position of tbe 
point considered witb regard to ridge and furrow. 

Numerical calculation shows that if we take a series of mountains, 
whose crests are 4,000 meters, or about 13,000 feet, above tbe inter¬ 
mediate valley bottoms, formed of rock of specific gravity 2*8, then 
tbe maximum stress-difference is 2*6 tons per square incb (about tbe 
tenacity of cast tin) ; also if tbe mountain chains are 314 miles apart, 
tbe maximum stress-difference is reached at 50 miles below tbe mean 
surface. 

Tbe solution shows that tbe stress-difference is nil at tbe sur¬ 
face. It is, however, only an approximate solution, for it will not 
give tbe stresses actually in tbe mountain masses, but it gives correct 
results at some three or four miles below tbe mean surface. 

Tbe cases of tbe harmonics of tbe 4tb, 6tb, 8tb, lOtb, and 12tb 
orders are then considered; and it is shown that, if we suppose them 
to exist on a sphere of tbe mean density and dimensions of tbe eartb, 
and that the height of tbe elevation at tbe equator is in each case 
1,500 meters above tbe mean level of tbe sphere, then in each case tbe 
maximum stress-difference is about 4 tons per square incb. This 
maximum is reached in tbe case of tbe 4tb harmonic at 1,150 miles, 
and for tbe 12tb at 350 miles, from tbe earth’s surface. 

In tbe second part of the paper it is shown that tbe great terrestrial 
inequalities, such as Africa, tbe Atlantic Ocean, and America, are 
represented by an harmonic of tbe 4tb order; and that, having regard 
to tbe mean density of tbe eartb being about twice that of superficial 
rocks, tbe height of tbe elevation is to be taken as about 1,500 meters. 

^Four tons per square incb is tbe crushing stress-difference of 
average granite, and accordingly it is concluded that at 1,000 miles 
from tbe earth’s surface tbe materials of tbe eartb must be at least as 
strong as granite. A very closely analogous result is also found from 
tbe discussion of tbe case in which tbe continent has not tbe regular 
wavy character of tbe zonal harmonics, but consists of an equatorial 
elevation witb tbe rest of tbe spheroid approximately spherical. 
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From this we may draw the conclusion, that either the materials of 
the earth have about the strength of granite at 1,000 miles from the 
.surface, or they have a much greater strength nearer to the surface. 

This investigation must be regarded as confirmatory of Sir William 
Thomson’s view, that the earth is solid nearly throughout its whole 
mass. According to this view, the lava which issues from volcanoes 
arises from the melting of solid rock, existing at a very high tempera¬ 
ture, at points where there is a diminution of pressure, or else from 
comparatively srnall vesicles of rock in a molten condition. 


XIX. “ On the Eefiraction of Electricity.” By Alfred Tribe, 
Lecturer on Chemistry in Dulmch College. Com¬ 
municated by Dr. Gladstone, F.R.S. Received June 7, 
1881 . 

On December 15, 1880,1 had the honour of communicating to the 
Royal Society the latest results of my work on electric distribution. 
In that paper there is included a description of results which form the 
basis of a graphic and electro-chemical method of investigating the 
field of electrolytic action. These results may be classed under three 
heads:—^Ist. Distribution of electricity on metallic conductors in elec¬ 
trolytic media. 2nd. Physical differences in corresponding parts of 
non-homogeneous electrolytic fields. 3rd. Direction in which the 
energy is transmitted. 

As the detailed account of these experiments has not yet been 
published, it is necessary for the appreciation of the evidence to be 
adduced to give in this place the groundwork of that part of the 
method relating to the direction in which the energy is transmitted. 
It will be convenient to do this under three heads. Let it be remem¬ 
bered that a rectangular electrolytic cell was used, that the electrolyte 
was a solution of copper sulphate, and the electrical relations of the 
liquid were ascertained by immersing in it a rectangular silver plate 
(called an analysing ^late or aiialyser), on which the ions were depo¬ 
sited. In all cases the positive ion separates and is distributed on that 
part of the plate which may be supposed to receive — electrification, or 
by which the + energy enters the analyser, while the — ion separates 
on that part of the same plate which receives + electrification, or 
from which the energy emerges. 

a. When the course of the energy* is parallel with any two edges of 
an analyser, and therefore with the sides, the boundary lines of the 
ions on both sides of the plate are parallel with the plane of the elec- 

* I assume that the energy in a homogeneous field runs in straight parallel lines 
from one electrode to another, and that this course is not appreciably disturbed by 
an analyser. 
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trodes, and consequently perpendicular to the direction of the influence^ 
Distributions having these characteristics are named jparallel.* The- 
dotted lines in the figure represent the boundary lines and the arrows^ 
the course of the energy. 



j 3 . When the course of the energy is parallel with the sides of an 
analyser, but makes with its edges an oblique angle, the boundary lines- 
of the ions are still parallel with the plane of the electrodes, but 
necessarily cross the sides of the plate obliquely to its edges. This 
obliquity varies proportionately with the angle of inclination of the 
analyser to the energy, so that in all cases the boundary lines are per¬ 
pendicular to the direction of its transmission. 



7 . When the course of the energy makes an oblique angle with the 
sides of the analyser, neither the magnitude nor the boundary configu* 
ration of the same electrification is identical on the two sides of the 
plate. The boundary of the positive ion on the side in opposition to 
the direct course of the infiuence is now markedly convex, and greater 
in magnitude than on the reverse side, where, moreover, the boundary 
configuration of the same ion is markedly concave. Again, the 
boundary line of the negative ion on the first-named side of the 
analyser is concave and smaller in magnitude than on the reverse side, 
where the boundary of this ion is convex. The convexity and con¬ 
cavity of these several boundaries increase as the direction of the 
* energy approaches a perpendicular to the sides of the analyser. Both 
the classes of distributions described in /3 and 7 are named non¬ 
parallel. 

The position of the ions on an analyser, and the character of their 
boundary lines determine then, and with accuracy, the direction of the 
the electrolytic field relatively to either side or edge of the 
^J^inalysing plate. 
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Many questions have occurred to me in the investigation of which 
this method might be expected to afford material assistance. But the* 
one of immediate attraction was whether electricity is endowed, hke- 
light, heat, and sound, with the quality of refraction. From the 
general resemblance of the fundamental laws of the forms of energy, I 
instituted experiments in the expectation of finding an answer in the 
affirmative to this question, the better conducting electrolytic medium 
being taken as the electric analogue of the more rare medium in 
light. 

, Refraction, 

My first trials were made with double convex-shaped bladders. 
These gave what I took to be a slight evidence of refraction, though 
the result was far from satisfactory. Triangular-shaped calls were 
next employed, made by placing diaphragms of parchment-paper 
obliquely across the electrolytic cell near its ends. In this way unmis- 
takeable proof was obtained of the bending of the energy in passing 
the line of demarcation of the two media. When the influence passed 
from one medium to the other perpendicularly, when the dia¬ 
phragms were parallel to the plane of the elec.trodes, no refraction 
whatever took place. 

On further consideration the arrangement which appeared less open 
to objection, and at the same time the most simple and theoretically 
the best, was a refracting cell, having parallel sides ’ of some material 
permeable to the electric influence. In the first instance parchment- 
paper was the material employed. Two sheets of this substance were 
fixed in a vertical position across an electrolytic cell, 380 miHims. long,. 
128 millims. broad, and 128 millims. deep, at an angle of -45°. They 
were parallel to one another, 76 millims. apart, but equidistant from 
the respective ends of the cell. 

An unit current was employed, and copper electrodes of the breadth 
and depth of the outer or transmitting cell. A 1 per cent, solution of 
copper sulphate was placed in the inner or refracting ceU, and a con¬ 
centrated solution of the same salt in the transmitting cell. On placing- 
successive analysers’*' lengthwise in several parts of the central line 
joining the electrodes, parallel distributions were recorded by all the 
plates in the transmitting cell, but the one in the refracting cell 
recorded a non-parallel distribution of a most pronounced character, 
and it was evident from the degree of curvature of the ions that the 
course of the energy on passing into the medium of less conductivity,, 
had bent out of its original course some 20®. 

The difficulty of keeping the parchment diaphragnis as rigid as was- 
necessary for a more extended study of this phenomenon of refraction 

* Unless the contrary is stated, it is to be understood that analysers 40 x ^ 
millinis. were used, and placed in the electrolyte with their shorter edges upright. 
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led to tbeir substitution by others of unglazed earthenware. These 
< 3 onsisted of the sides of a large rectangular porous cell ground to as 
uniform a thickness as possible. With this alteration, but with all 
the other above-mentioned conditions, the following experiments were 
made. 

Analysers were successively placed in the positions (all perpen¬ 
dicular to the electrodes) shown in the annexed diagram, exhibiting 
3 , horizontal section drawn to about one-fifth the scale. 



The analysers a, h, c, d, 2 millims. from electrodes, recorded parallel 
distributions. 

The analysers e, /, g, Ji, 2 millims. from diaphragm, recorded not 
absolutely but very nearly parallel distributions. This slight non¬ 
parallelism was not noticed in the analogous experiment with the 
parchment diaphragms, and I am disposed to attribute it to a greater 
diffusion in this case occasioning a less sharp line of demarcation 
between the media. 

The analyser i, midway between the diaphragms, recorded a non¬ 
parallel distribution of a most pronounced character. The degree of 
-curvature showed*that the energy had been refracted through some 80'*, 
while the position of the ions proved that the bending was towards a 
perpendicular to the refracting surface. Furthermore, the symmetry 
-of the curve showed that the plane of refraction was the same as that 
of the incident energy. 

The analysers j, indicated a x’esult almost identical with 

The analysers Z, m, showed a much smaller deviation from the 
original course of the energy. 

The positions of the relatively good and bad conducting media were 
now reversed. The 1 per cent, solution was placed in the transmitting 
-cell, and the concentrated in the refracting cell. An analyser at i 
recorded a non-parallel distribution, and the curvature and position of 
the ions showed that the course of the energy had been bent about 
15^ But in this case the refraction was from a perpendicular to the 
^refracting surface. 

* It was now natural to anticipate that the refraction, with a given 
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incidence, would decrease or increase as tlie media in tlie refracting^ 
and transmitting cells approached or receded in conducting power. 
This was proved to be the case, first, hj replacing the 1 per cent, 
solution of copper sulphate in the refracting cell by a 2, 3,5, and 10 per 
cent, solutfon respectively, when analysers at i recorded respectively a 
decreasing refraction as the media in the cells approached equality. 
And, secondly, by placing a 5 per cent, solution of copper sulphate in 
the refracting cell, and successively a concentrated solution of copper 
sulphate, a concentrated solution of sodium chloride, and a dilute 
solution (1—11) of oil of vitriol in the transmitting cell. Analysers 
at i showed, in the case of the copper sulphate, a refraction of about 
15®, in the case of the sodium chloride, 30°, and in that of the dilute 
sulphuric acid, 40°. The order of the increase in refraction is here 
the same as that of the conductivities of the liquids. 

Again, it was anticipated that the refraction would decrease as the * 
incidence decreased. This was proved to be true by setting the 
diaphragms so that the angle of incidence should be 45°, 30°, and 15° 
respectively. With a 5 per cent, solution of copper sulphate in the 
refracting cell, and dilute sulphuric acid in the transmitting cell, a 
refraction of about 35° was obtained when the incidence was 45°, 
about 22° when at 30°, and about 7° when at 15°. 

Relation hetween Electric Incidence and Refraction, 

That part of the electro-chemical method which has been already 
described supplies three means of determining the bending of the 
course of the energy on its passage into the refracting cell. First, by 
the curvature of the ions on an analyser with the shorter edges of the 
plate upright, and its length perpendicular to the electrodes. But the 
practical impossibility of obtaining accurate measurements of these 
curves, renders this plan only roughly quantitative. Secondly, by 
placing an analyser at various angles to a right line joining the elec¬ 
trodes, until it records a parallel distribution. This is the case when 
the course of the energy is parallel with the sides of the analysing 
plate, and the angle enclosed between the plate and the right line 
referred to consequently expresses the amount of refraction. The 
objections to this plan are twofold. It is very tedious, and it is also 
difficult to determine with sufficient accuracy the angle of the plate as 
it stands in the cell. The refraction numbers given above were 
obtained by this second method, and for the last of the reasons just 
mentioned I regard them only as approximately correct. The third 
plan, based on the fact that the course of the influence, when parallel 
to the sides of an analyser, is perpendicular to the boundary lines 
of the ions set free, is the one I have employed for the more 
accurate determination of the relation between electric incidence and 
refraction. 



440 Mr. A. Tribe. [June 16,' 

I employed for this purpose four similar electrolytic cells of the 
shape and dimensions given in p. 436. Pairs of porous plates were 
set across each of these cells, as before described, so as to give in one 
case an incident angle of 45° ; in the second, 37^° ; in the third, 30° ; 
s,nd in the fourth, 15°. Dilute sulphuric acid (1 to 11) wfi.s used in 
the transmitting cell, and a 5 per cent, solution of copper sulphate in 
the refracting cell. The current generally used was three Webers, 
though variations in this respect were found not to affect the refraction. 
The time of each determination was five minutes. The analysers 
employed were squares (24 millims. the side) of sheet silver, and disks 
of the same material 24 millims. in diameter. These were immersed 
horizontally in the centre of the refracting cell, the squares in such a 
way that their edges were parallel with the respective sides and ends 
of the rectangular electrolytic cell; the disks, so that a line passing 
through their centres was coincident with a line joining the electrodes. 

As it has been already shown that the course of the energy in the 
transmitting and refracting cells was in the same horizontal plane, it 
was to be anticipated that the boundary lines of the ions on the 
^tnalysers placed in the positions just described would be straight. 
Such is the case with the boundary of the negative ion, which conse¬ 
quently is taken for purposes of measurement. 

Were the course of the energy in the inner cell identical with that in 
the transmitting cell, the boundary lines, in accordance with the rule 
in p, would be perpendicular to a right line joining the electrodes, and 
this might be named the zero line, or line of no refraction. And were 
the analysers in the position described, the zero line would be perpen¬ 
dicular to the central line on the disks and to the edges of the squares, 
which are parallel with the sides of the cell. It follows that, were the 
course of the energy diverted from a right line joining the electrodes 
(its original course), the boundary line of the ion would deviate pari 
passu foom the line of no refraction. The numbers expressing this 
obliquity or amount of refraction in five series of trials are given in 
the annexed table. In Series I, II, III, square analysers were used, 
and for lY and Y the disks already described. 


Angle of 
incidence. 

Deviation. 

I. 

II. 

III. 

ly. 

y. 

0 

o 

o 

o 

o 


15 

9 

9 

9 

10 

9 

30 

19 

20 

19 

19 

20 

m 

27 

26 

25 

26 

25 

45 

31 

31 

33 

33 

32 
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These data give the following ratios between the angles of incidence 
a.nd refraction— 

i 

r 


I. 

II. 

III. 

ly. 

V. 

2*5 

2*5 

2*5 

3*0 

2*5 

2*7 

3*0 

2*7 

2*7 

3*0 

So 

3*3 

3*0 

3*3 

3*0 

3*2 

3*2 

3*7 

3*7 

3*4 


and the following ratios between the sines of the angles of incidence 
and refraction— 


sint 

sinr* 


I, 

II. 

III. 

lY. 

Y. 

2*5 

2*6 

2*5 

2*9 

2*5 

2*6 

2*8 

2*6 

2*6 

2*8 

3*3 

3*0 

2*8 

3*0 

2*8 

2*9 

2*9 

3*4 

3'4 

3 *1 


Taking the results as they thus appear, I think they justify the con¬ 
clusion that the more probal:)le relation between electrical incidence 
and refraction is as the sines of their respective angles. And further, 
as the experimental difficulties are overcome and the inherent sources 
of error appreciated, this relation may be still more rigidly found to 
obtain. 

This electro-chemical method being new, it would be well to supple¬ 
ment, if possible, the evidence it has furnished of the laws of electric 
refraction by one based on more familiar principles. I am engaged in 
perfecting a method founded on those employed by De la Rive in 
1825, and by Professor Adams in 1875, for investigating the laws of 
electric distribution in electrolytes, which I have reason to believe 
will demonstrate in another way the main facts set forth in this 
communication. 


Gondusions. 

I, Electricity passes without alteration of direction from one electro¬ 
lytic medium to another differing from it in conductivity, when the 
course is perpendicular to the surfaces of contact. 

II. Electricity, on passing obliquely from one medium to the other. 
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supers refraction, and in tlie same plane; towards tlie perpendicular, 
when from a better to a worse conductor, and from the perpendicular 
when from a worse to a better conductor. 

in. The refraction increases or decreases as the media recede from 
or approach one another in conduotivitj. 

IV. The refraction increases as the incidence increases. 

[Kote. —It is known that the flow of electricity in an electrolyte 
follows the same laws as the flow of heat in a conductor when the con¬ 
dition has become permanent. It readily follows, that when two 
electrolytes of difierent specific resistance, suppose a strong and a 
weaker solution of sulphate of copper, are in contact, a change in the 
direction of the flow takes place in passing out of the one into the 
other. 

Let be the potential in the first medium, i the angle of incidence, or 
in other words, the inclination of the tangent plane at any point in 
the surface of separation to the tangent plane to the equipotential sur¬ 
face in the first medium which passes through the same point, c the 
specific conducting power, ds an element of a section of the common 
surface by the plane of incidence, dn an element of a normal to 
the equipotential surface, / the flux of electricity, and let i\ c\ dW^ 
/, be for the second medium what v, i, c, dn, f are for the first. Then 
we have 

j. dv *dv xt f 

/=(j--=ccosec> /=c cosec ^ . 

OAi ds ds 

But if we take an elementary closed curve in the surface of separation^ 
and make it the base of elementary tubes in the two media bounded 
by lines of flow, since the same quantity of electricity must flow 
through the two tubes, and the areas of their sections are as cos i to* 
cos i', we have 

/cos^=/'cos^', 

and eliminating fff between these two equations, we get, since 1 ;=^'' 
and therefore dvjds^^dv'jds ,— 

d 

tani'=—tan 2 , 
c 

so that according to theory the tangents, not sines, of the angles of 
incidence and refraction are in a given ratio. 

If the potentials in the two media, instead of being equal at the 
surface of separation, differ by a constant quantity, as may con¬ 
ceivably be the case when the two electrolytes are difierent in nature, 
so that difierent chemical actions go on in them, the alove relation 
would not be disturbed. 

The results obtained by Mr. Tribe agree rather better with tbe law 
•of sines than with the law of tangents. But several circumstances 
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tend to introduce greater or less errors. Por example, the flow in the 
second medium must have been somewhat disturbed by tbe circum¬ 
stance that the non-conducting walls of the intermediate cell were 
parallel to the direction of the incident, not refracted flow, whicK may 
possibly have disturbed the course even as far as the middle of the 
cell. Again, there would have been a much larger resistance in the 
porous wall than in a stratum of equal thickness of one of the electro¬ 
lytes, and the thickness or porosity of the wall, or the proportion of 
the two electrolytes imbibed by it, may have varied somewhat in a 
lateral direction. The numbers obtained cannot therefore be deemed 
suf&cient to decide between two such laws as that of sines and that of 
tangents. In case of the second medium being the better conductor, 
it is evident that the law of sines would lead to extravagant results, as 
there can he no such thing as total internal reflection. The alteration 
in the direction of the equipotential surfaces, and*, therefore, of the lines 
of flow, in passing from one metal into another of different conducting 
power, has already been investigated experimentally by Quincke, and 
the results of experiment compared with theory. (“ Pogg. Ann./* 
vol. xcvii [1856], p. 382.)—Q. G. S., 14 June, 1881.] 


XX. ‘‘ Note on tbe Spectrum of Sodium.” By Captain W. de 
W. Abney, E.E., F.E.S. Received June 14,1881. 

On examining the spectra of diflerent metals, there is one point 
which is striking in the extreme, viz., the absence of any very marked 
lines in the region between \ 7000 and X 7600, which latter number 
we may take as the visible limit of the spectrum. With the exception 
of the well-known pair of lines of potassium, I am not aware that any 
lines in metallic spectra, which have been carefully studied, have been 
found below this limit, though recently, in the spectra of some of the 
rarer earths, I believe some few hues have been recorded. 

Having photographed the emission spectra produced in the arc of 
several metals, it appears, so far as examination has been made, that 
only those which can be volatilised at a low temperature have any 
lines in the infra-red region. Sodium is an example of this. It has 
a pair of lines at wave-length of about 8187 and 8199 of an intensity 
of about 3, taking the intensity of D lines as 10. It will be noted 
that the difference in wave-length between this pair is greater than 
that of the D lines. They do not seem to have any corresponding 
dark lines in the solar spectrum, though there are three faint lines 
which lie close to these wave-lengths. 

In the calcium spectrum there is a pair of very faint lines which 
lie between X 8500 and 8600. Their exact wave-lengths have not at 
present been determined. 

VOL. XXXII. 2 ^ 
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Iron, cobalt, nickel, copper, magnesium, and potassium have, up to 
the present, given negative results, but will be examined again. 


XXI. ‘^FormTilae for snSw, cn8?^, diiSw, in> terms of snw.” By 
Ernest H. Glaisher, B.A., Trinity College, Cambridge. 
Coinmunicated by J. W. L. Glaisher, M.A., F.R.S. Re¬ 
ceived June 16, 1881. 

(Abstract.) 

In Gmnert’s ‘^Archiv der Mathematik und Physik,” vol. xxxvi 
(1861), pp. 125-176, Baehr has given the formulae for sn cn n% 
dnmi in terms of sn it for the cases ti=2, 3, 4, 5,. 6 , 7. These expres¬ 
sions are reproduced in a tabular form in Cayley’s “ Treatise on 
Elliptic Functions,” Art. 109. 

The present paper contains the corresponding formulae for the case 
of n= 8 . Denoting the numerators and common denominator of 
sn 4 w, cn 4 z 4 , dn by P, Q, R, S respectively, then the numerators 
and common denominator of sn S'W, cn 8 - 2 ^, dn 8 w are respectively 
2PQRS, S^-2P3S3-f7c2P^ S^~ 2 ^ 2 p 3 S 3 + 7 ^ 3 p 4 and the 

paper contains the values of these quantities and also of P®, S®, P^, 
8 “^ in terms of sn u, arranged in a tabular form. 


XXII. “ On Riccati’s Equation and its Transformations,* and on 
some Definite Integrals which satisfy them.” By J. W. L. 
Glaisher, M.A., F.E.S., Fellow of Trinity College, Cam¬ 
bridge. Received June 16, 1881. 


(Abstract.) 


The memoir relates chiefly to the different forms of the particular 
integrals of the differential equation 



_a2«=£i£+l),, 


(1), 


and to the evaluation of certain definite integrals which are connected 
with this equation. 

Transforming ( 1 ) by assuming and putting 2jp=:w—1, it 

becomes 


dPv 


n--ldv 
X dx 


a^v^O 


(2),, 


and this may be transformed into Riccati’s equation. 
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. . . . (3). 

by tbe substitution x=^zs wbere u=-. 

q n 

It is well bnown tbat these equations admit of integration in a 
finite form if an integer, %= an uneven integer, and 2= the 
reciprocal of an uneven integer. 

Tbe memoir consists of an introduction and eight sections, the head¬ 
ings of which are: (1) Direct integration of the differential equation 
in series and connexion between the particular integrals; (2) 'New 
integration of the differential equation when an integer; (3) 
Transformations of the original differential equation; Hiccati’s 
equation; (4) Special forms of the particular integrals in the cases 
in which the differential equations admit of integration in a finite 
form; (5) Evaluation of definite integrals satisfying the differential 
equations; (6) Symbolic forms of the particular integrals in the cases 
in which the differential equations admit of integration in a finite 
form; (?) Connexion with Bessel’s Eunctions; (8) Writings con¬ 
nected with the contents of the memoir. 

In the first section six particular integrals of the equation (1) are 
obtained and the relations between them are examined. When p is 
not an integer all the six particular integrals extend to infinity and 
the relations between them present no special peculiarity. When jp is 
an integer two of the series terminate, and we thus obtain two par¬ 
ticular integrals of (1), which contain a finite number of terms. The 
series terminate in consequence of the occurrence of zero factors in 
the coefficients of the terms, but if they be continued, zero factors 
.dccur also in the denominators, so that, after a finite number of terms, 
the series may be regarded as recommencing and extending to in¬ 
finity. If the terminating series are supposed to recommence in this 
manner, so that all the series extend to infinity, then the relations 
between the particular integrals are the same as when p is not an 
integer; but if the series are supposed to terminate absolutely when 
the zero terms occur, the relations are quite different. As the finite 
portions of the particular integrals satisfy the differential equation, it 
is more natural to regard the series as terminating absolutely, and on 
this supposition the relations between the particular integrals exhibit 
a remarkable diversity of form, according as j? is or is not an integer. 

The second section contains what is believed to be a new form of 
the solution of (1) in the case of _p= an integer. It is shown that 
this equation is satisfied by the coefficient of in the expansion of 
Qtt in ascending powers of Ji. The. six particular integrals 

given in the first section and the relations connecting them are also 
obtained by different expansions of this expression. 
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The third section contains the six particular integrals of (2) and 
(3), corresponding to'those of (1), from which they are deduced. 

The fourth section relates to the particular cases in which the 
differential equations admit of integration in a finite form. If a 
differential equation is satisfied by an infini-te series, and if for certain 
Talues of a quantity involved in it the series terminates, then in this 
case we may present the integral in a different form by commencing 
the finite series at the other end and writing the terms in the reverse 
order. These reverse forip.s in the case of (1),. (2), (3) are given in 
this section. 

The fifth section contains the evaluations of the definite integrals— 




cos "bx ^ 

0 


where m denotes any real quantity and % any positive quantity. 


These integrals have been evaluated when m is of the form 


2i±l’ 


and when % is a positive integer, but the general formulae are, the 
author believes, new. The results exhibit changes of form similar to 
those referred to in the account of the contents of the first section. 
Certain formulas of Cauchy’s and Boole’s are also considered in this 
section. 

The sixth section, which is the longest in the memoir, relates.to the 
different symbolic solutions of (1), (2), (3) in the cases in which they 
are integrable in finite terms. In this section these symbolic solutions 
are derived from the definite integrals considered in the fifth section ; 
and the various symbolic theorems to which they lead, by comparing 
different forms of the results, are examined. A great many symbolic 
solutions of these differential equations have been given by Gaskin, 
B. L. Ellis, Boole, Lebesgue, Hargreave, Williamson, Ponkin, and 
others, and these are briefly noticed and connected with one another. 

The seventh section relates to the connexion between the results 
contained in this memoir and the formulse of BesseFs Functions. The 
equation (1) may, as is well known, be transformed into Bessel’s 
equation 


6^ xdz \ 


by the substitutions so that the theorems 

relating to the solutions of (1) have analogues in the solutions of 
Bessel’s equation. 

The eighth section contains a list of writings which are closely con¬ 
nected with the subject of the memoir, with short accounts of their 
contents. 
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XX III. “ Sur la Surface de rOnde, et Theoremes relatifs aux 
Lignes de Courbure des Surfaces dii Second Ordre.’’ Par 
A. Mannheim. Communicated by The President. Re¬ 
ceived June 16, 1881. 

Apres avoir presente qxLelques remarques sur la surface de Tonde, 
je montrerai dans cette courte note, comment Temploi d’une simple 
proposition de geometrie cinematique permet de trouver des resultats 
nouveaux et interessants k propos d’un sujet deja bien etudie. 

§ 1 . 

A tm ellypsoide donne de centre o, on circonserit des cones dont une. 
section principale est un angle droit: les sommeis de ces cones sont sur 
une surface de Votide [c]. 

Cette generation de la surface de I’onde, que f ai communiques a 
TAcademie des Sciences (26 Avril, 1880), va me servir de point de 
depart. 

Appelons c le sommet d’un de ces c6nes, ca, ch, les deux generatrices 
perpendiculaires Tune a Tautre dont le plan est une section principale 
de ce c6ne ; a eth les points de contact de ces generatrices , et de 
Tellipsoide donne. 

Considerons les trois surfaces du second degre homofocales a Tellip- 
soide donne qui passent par le sommet c. 

On sait que ces surfaces sont respectivement tangentes en c aux 
plans principaux du c6ne ou, ce qui revient au m^me, les normales a 
ces surfaces en ce point sont les axes principaux de ce cone, 

Parmi ces surfaces il y a un ellipsoide. Xous le designerons par (E) ; 
il coupe la surface de Tonde, suivant une courbe E. La normale en c 
a cet ellipsoide est la bissectrice cp de Tangle droit a ch. 

La normale en c a la surface de Tonde est, comme je Tai demontre, 
la droite c /t, qui joint le point c au milieu fi de la corde de contact 
a h, 

Le plan ach est alors le plan normal en c a la courbe E; par suite 
la droite G elevee du point c perpendioulairement au plan ach est la 
tangente en c a cette courbe; et Ton sait que la droite G, Tun des axes 
principaux du cone circonserit, est aussi Tun des axes de Tindicatrice 
de tellipsoide (E) au point c. 

Ceci est vrai pour un point quelconque de E; nous voyons alors 
que: 

La surface de Vonde [c] est coupee ;par un eUipsoide (E) komofocal d 
Vellipsoide qui entre dans la definition prSced&nte, suivant une ligne de 
courbure de cet ellipsoide (E). 

Comme cette ligne de courbure est Tintersection de Tellipsoide (E) 
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et d’un hyperboloide homofocal, ce theoreme s’applique aussi & cet 
hyperboloide. 

Oonsiderons maintenant Tautre hyperboloide homofocal, celui (jui est 
tangent en c an plan a oh on, ce qni revient an m^me, dont la normal© 
en c est la droite G. Appelons (c) Tintersection de cet hyperboloide et 
de la snrface de I’onde. Projetons Tellipsoide donne sur le plan a ch, 
!Nons obtenons ainsi nne ellipse de contour apparent, tangent© en a et 
h anx c6t4s de Tangle droit a oh, Le centre de cette ellipse est nn 
point de c/t, mais ce centre est la projection dn centre o de Tellipsoide 
donn6 done le flan (G, c ytt) contient le centre o de Vellvpso'ide donne* 

La droite G est la normal© ^ Thyperboloide, et la droite c/t est la 
normal© a la surface de Tonde. Le plan de ces deux droites est alors 
normal en c a Tintersection de (c) d© ces deux surfaces. Mais, comme 
nous venons de le voir, ce plan contient o, done co est normal© h 
cette courbe d’intersection. Ainsi, les droites partant de o, et qui 
s’appuient sur (c), rencontrent cette courbe k angle droit; done: 

La courhe (c) est une ligne spherique* 

Les droites Ojn et G etant perpendiculaires Tune k Tautre, Thyper- 
boloide et la surface de Tonde se coupent en c a angle droit; et comme 
ceci est vrai pour un point quelconque de (c) nous voyons que : 

Le long de la ligne s^herique (c), la surface de Vonde et Vhyperhololde 
se coupent a angle droit 

Cette courbe sph4rique (c) est du quatrieme ordre; elle n’est pas 
alors Tintersection complete de Thyperboloide et de la surface de 
Tonde. La partie restante de cette intersection est une courbe du 
quatrieme ordre, lieu du sommet d’angles droits tels, que a c h, mais 
dont le plan est normal k Thyperboloide: cette courbe est alors une 
ligne de courbure de cette hyperboloide. 

Ce que nous disons pour cet hyperboloide est applicable k Tautre, et 
Ton voit que: 

Les hyperholo'ides liomofocaux d VelUpsotde, qui entre dans la definition 
de la surface de Vonde, coupent cliacun cette surface, suwant une ligne 
spherique et une de leurs lignes de courhure. 

La tangent© en c a la courbe spherique (c) est perpendiculaire au 
plan (G, c/t), elle est alors perpendiculaire a G qui est la tangento a 
E. On voit done que: 

Les courhes telles que (c) et E se rencontrent d angle droit. 

On pent dire aussi: 

Les courhes spMriques (c) suivant lesquelles la surface de Vonde [o] 
est coupee par des spMres concentriques ont, pour trajectoires orthogonales 
les courhes E, * suivant lesquelles cette surface est coupee par des ellip- 
soides homofocaux d celui qui entre dans la definition precedente, 

L© c6ne du second ordre, qui a pour sommet o et pour directrice (c), 


* Les courbes E sont les courhes elUpsoidales de LamS. 



449 


fl881.] A. Mannheim. Sm^ la Surface de FOnde, 

a pour plan tangent le long de oc un plan perpendiculaire an plan 
(Gr, cjui), Mais ce plan (Gr, c/ll) est tangent an cone du second ordre 
dont la directrice est E. 

Done: 

Les coiieB du seco7id ordre de sommef o, et qui ont pour directrices des 
coiirbes telles que (c) et E, se coupent d angle droit. 

On pent dire que la droite Gr est la projection de oc sur le plan 
tangent en c a la surface de Tonde, et qu’alors, an mojen de la pro¬ 
jection de oc, on obtient la tangente en c a la ligne de courbure E. 
Appliquons cette remarque; 

Le c 6 ne de sommet o, dont la directrice est (c), a pour plan tangent 
le long de oc, un plan perpendiculaire an plan (o, cf) normal en c a 
la surface de Tonde. Ce plan tangent, en vertu d’un theoreme connu, 
est alors le plan normal a la surface de I’onde an point <y, ou le rayon 
oc rencontre cette surface. II coupe le plan tangent en 7 a la 
surface de Tonde, d^apres la remarque precedente, suivant la tangente 
en ce point k une ligne de courbure de Tellipsoide homofocal a 
Tellipsoide donne, et qiii contient 7 . On voit ainsi que: 

Le cone de sommet 0 , et dont la directrice est (c), rencontre de nouveau 
la swface deVonde^ suivant wie courhe telle que B. 

On demontre facilement la proposition inverse. 

En rapprochant les resultats precedents de ceux trouves par MM. 
W. Roberts et Massieu, au moyen de Tequation de la surface de Tonde 
en co-ordonnees elliptiques, on voit que Fellipsoide, qui entre dans ma 
definition de la surface de Tonde, fait partie des surfaces homofocales 
qui interviennent dans cette equation. 

§ n. 

Jusqu’^ present j’ai considere une surface de Tonde et des ellipsoides 
homofocaux. Nous allons maintenant prendre un ellipsoide fixe et 
une serie de surfaces [o'] analogues a la surface de Tonde. Nous 
verrons que ces surfaces coupent aussi cet ellipsoide suivant des lignea 
de courbure; nous obtiendrons alors une nouvelle generation des 
lignes de courbure des surfaces du second ordre. Les surfaces [c^] 
soni le lieu des sommets de cones circonscrits d un ellipsoide domie, et dont 
une section principals est egale d un angle donne arhitrairement, 

Appelons d a\ d b' les deux generatrices, qui forment une section 
principale du c 6 ne circonscrit de sommet d, comprenaut entr’elles 
I’angle douue: les points d etb' etant les points de contact de ces 
generatrices et de I’ellipsoide donn4. On pent dire que la surface [c'J 
est le lieu du, sommet d’un angle de grandeivr cmistante of d V, circon^ 
scrit d Vellipsotde domie, et dont le plan est normal cet ellipsoide en 
cliacwi des points de cordact a' et b'. 

Eu partant de cette definition et en faisant usage d'une simple 



Mr. W. H. L. Russell on 


450 


[June 16, 


proposition de geom&trie cinematique, cherchons d’abord la normale en 
c' £i la surface [c']. 

Pour un deplaceraent de Tangle de grandeur constante a' c' V, le 
foyer dn plan de cet angle est k la rencontre / desnormales elev<^es des 
points a' et 5' a Tellipsoide donne. Comme la position de ce foyer est 
independante dn deplacement de Tangle mobile, nous en conclnons qne 
la droiie o' f est la normale en o' d la surface [c']. 

La bissectrice de Vangle a' c' b' est toujours la normale en c' a un eh 
Ivpsdide (E) liomofocal d VelUpso'ide donne et qui contient o'* Le plan de ces 
deux normales, c’est-^-dire le plan de Tangle mobile, est alors le plan 
normal en d k la ligne d’intersection de (E) et de [c'~\. La tangente 
k cette courbe d’intersection est alors, comme prec^demment, Tun des 
axes principanx du c6ne de sommet circonscrit a Tellipsoide donne et 
anssi Tnn des axes de Tindicatrice de (E) en c'. Ceci est vrai pour nn 
autre point tel qne d ; nons ayons alors ce theorems cnrienx: 

Un angle de grandeur constante, circonscrit d un ellijpsdide donne et 
dont le jplan est normal d cette surface en chacun des jpomts de contact 
des cotes de cet angle, se de^lace defagon que son sommet reste sur Vellip- 
sdide(^) liomofocal d Vellipsoide donne: ce sommet decrit une ligne de 
courbure de (E).* 

Ce theorems subsists si les cotes de Tangle mobile tonchent rCspec- 
tivement des ellipsoides homofocanx, le plan de cet angle restant 
tonjonrs normal a ces ellipsoides. 

On pent encore dire inversement: 

' Par une tangente d une ligne de cou/rbure d'un ellijgsdide on mene deuz 
jplans qui touclieni res^ectivcment un ellijpsoide liomofocal d celuuci: 
Vangle compris entre ces jplans est de grandeur constante, quelle que soit 
cette tangente* 


XXIV. On certain Definite Integrals.’’ No. 9. By W. H. L. 
Russell, F.R.S. Received June 16, 1881, 

Continuing the investigations given in the last paper, wo have:— 
fs gdB{^^^f (cos (cos } *5= 7ri4^\ . , , (1 ?6), 

when 0(aj) = fdxf (a?). 

. . (177), 

when (jiQd) =/dxf (x) as before. 

* On pent remarquer qne la ligne de conrbure ainsi decrite rencontre tonjonrs 
k angle droit le plan de Tangle mobile. 
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I dd —— . . - . 

J 0 sm^ 6 

smg-sm . 

Jo • 2sin^^ ^ ^ 

Jo 2sm^0 3 

f'® 8iTi^nO_^n7r 

Jo ^sin^ 2 

Jo Osm^a ^ 

^ sin^ sin^ l)?r 

Jo ^sin^^ 8 

-TT 

l^cZf* 1—COS«,0OOS»l0_«!r 
Jo Sl^i ¥ 
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(178) . 

(179) . 

(180) . 
(181). 
(182). 

(183) . 

(184) . 


From integrals (178), (181), (184), we obtain the three follow* 


ing:— 

(/(i)-/(e^«))+(/(i)-/(^-^’' 0 ) -.„..n) 

Jo sin®!? •' '■ ^ 

• rig(/a). -/ ( !! !! ))+(/a) . - / ( r ! ‘^))= 2 ./(i) 

Jo ^ sin ^ 


(185) 

(186) . 


TT 

-t/( 1 ) 

*^o sin^^ 

^cZaj{3*;p/(cosaje^^)----e”3*^f(cos{re~«^)}==2z0(l) . . * . 

Jo 

.... 

J jr , ^ , 'iir ITT iir >ir. 

£2^{ (e^* sin ^) — (e-^^ sin ^) } =:^{€¥ 0€“9 + €“ T0e“a} 

0 . 

. w 

2 i0{e2‘y (sin fi'e®) + 6-2>‘«/ (sin ^e-^) } 

^ n 


iir air iir iir 
3 06“ -j-fi ®0€ 8 


(187) . 

(188) . 

(189) . 

(190) . 


In the three last integrals ?!>(») has the same signification as before. 

Let (3=a+&cos 0 + 0008 ®0+ . . . +cos’’0— 
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\^de{f(j>c-i^)+f(pe-i^)}=^f^^ . 

Jq 

if/)=(X+&siiiO+ . . . sm”0. wliere m.=4?w+1. 

-/(/>*-*’*) . 

•^0 


[June 16, 
• • (191), 


. (192). 


Let a, j3, be the roots of tE^+2a)+2=0, then we have the following 
integrals:— 

|“<fa{6»*/(€«*)+<#'/(6P*)}=?!»(l).(193), 

jj£fe{e«/(6«)-6^/(6^)}=i0(l).(194). 

We shall also Ibe able to find:— 

ri£+^(/e^)_/(c-)).(195). 


i: 


' (cL^-hx^dx 


;(/(«“)+/(«-“)) • • • . ■.(196). 


0 ^ 4 " 2 /ia;+aj^ 

Let . • • f(x)dxf^ then— 


f® (cos^e*®)—e“^y(cOS^6”*®)}=2iV03(J) .... (197). 

Jo 

(cos0€*^)—e“®*y‘(cOS^€'”**®)} = 8iV03(“^) .... (198). 

. Jo 

0(Z0/(sm 0)=gj' d6f(QmO) .(199). 

["^{/_L__/_l /o)..( 200 ). 

do COS re { - 4 ^— f —ji— + 1 

Jo le “*'—a e“*'—« 6 ®*—a e ®*—otj 

=v[Ao+AiA+^^+...}«r • 


where AqA^ . . . are the coefficients of the expansion of/(aj). 











1881.] certain Definite Integrals, 453 

f do sin rO / —1 f 1__ —_1_ f 1 \ 

="'{'^+^4+0■5-+■■■}'"' • w 

. J Qtan^‘^cotan^ *^^ 2 ^+^ cotan’ (204). 

■ ■ ■ ■ (205). 

f"— {/-^-/^ j =i {/i-/01 .(206). 

Jo £tJ L />— p-\-^XJ I P J V y 

Formnla (199) leads to some results, wliicli may well be noticed 
separately. 


do .0 __ tt f 2 1^1 

• • (207). 

THs may be written (for a particular case) :— 

^ ^ f 2 , _T 2a3 1 

Jol + 2asiii0+a3~2(a2-l) r ^=1/ ' ' ' 

[" -.r:- . . . . (209). 

Jo VC&+5 sind+ ... esin”^ -^Jo v a-j- ,.. -hesin"^ 

fw OdO 

Jo^+WI •••■■••• (210). 


Hence 


can be expressed as an elliptic function. 

Tbe integral j* (stated to 

proved in Gregory’s examples, gives ns 


—'~ ^=^ (stated to be due to Cauchy) wbicli is 


Jo 0 I 2 “ 2 “ J 2 \ 2 'V ^ ' 

Let (n) increase without limit, then this integral becomes— 


fl 

Jo 0 


-cotan 0 


( 212 ). 
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^ _= i (e" ® ^)d0 , . (213)/ 

Jq g5aCOSfl_gSacos© gacos0 

Since, in tlie equation of differences 

W}i +3 0 , 

the ratio can always be expressed by continued fraction, and 


-P- 


Un 

since if 

Ja >/a+&aj + caj^^ 
where and » are the roots a-\-l)x-{-cx^=^0, 

, 2n—1 h , 1 ^ 

Ufi-j -—--. -'M«_3—0, 

2n c no 


a3»*+i fjS 

it is evident that the ratio of | ^ ;; to 1 — 7 = 

J a V a+oaj + caj"' Java 


can 


j VM -V u; T OM j ^ v a “h &aj -j- c£B® 

be expressed by a continued fraction. Similar treatment will apply to* 
the integrals— 

r dx, a?" 
a+taj+caj^ 

__ 

y/0.-kW){l^) 
de . 

(aH-& sin 0 )^* 

and many other integrals. 


(214), 1 

* x^dx 

• (215). 


(216), ! 

do 

• (217). 

(<x+& cos oy^ 

(218), J 

do 

• (219). 

271+1 * 

(1—c’^sin^ £^) 3 


XXV, “ On the Influence of Coal-dust in Colliery Explosions.. 
No. III.” By W. Galloway. Communicatod by R. IL 
Scott, F.R.S. Received May 30, 1881. 

(Abstract.) 

The information that can be gleaned from a study of the three greait 
colliery explosions of the past year, namely, Risca, SeaLam, and 
Penygraig, appears to throw more light upon the question than any¬ 
thing that has been elicited experimentally either by myself or others 
since I last had the honour of addressing the Society on the same 
subject. These explosions took place on the 15th of July, the 8th of 
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Sepfeernber, and the lOtli of December respectiTelv, and they cost the 
lives of no fewer than 3S5 persons in all—E.isca, 120 ; Seaham. 164; 
and Penygrai^, 101. 

For the purposes of the present paper I visited Hisca Colliery on 
the 24th of October, and Seaham Colliery on the 24th of November, 
and I have had the rare opportunity of becoming thoroughly conver¬ 
sant with every circumstance connected with the Penygraig explosion, 
and with the events which immediately preceded and accompanied its 
occurrence. 

A careful consideu’ation of all the preceding details has irresistibly 
convinced me that, whatever may be the results of espex'iments with 
coal-dust made on a small scale, this is not a mere question of “ adding 
fuel to the flame,” of “ aggravating the consequences of an explosion,” 
of “ spreading an explosion,” or of “ lengthening out the flame of 
firedamp,” or that of a blown-out shot. Expressions of that kind not 
only fail to convey a true idea of the actual state of matters, but they 
are apt to be misleading. I might describe the impression upon my 
own mind to be somewhat as follows:—Given a well-ventilated or 
badly-ventilated dry mine, wfith moderately clean fine dry coal-dust 
lying everywhere all over the workings, and of any quality varying 
from a long-flaming house coal, like that of Blantyre, on the one hand, 
to a semi-bituminous steam coal, like that of Penygraig, on the other 
hand. Then if an explosion be begun at any point in one of the only 
three possible ways (1. By the coal-dust being raised and ignited by a 
blown-out or other shot; 2. By an explosive accumulation of fire¬ 
damp and air being ignited by a blown-out or other shot; 3. By an 
explosive accumulation being ignited accidentally by a defective or 
other safety lamp, or in any other manner), and if it accumulates a 
certain degree of force without dying out, that force will go on increas¬ 
ing, and the explosion will inevitably extend to every open space in 
the workings, whatever may he their extent or ramifications. I make 
no mention of firedamp as necessary to the attainment of this i*esnlt, 
with the exception of the comparatively small quantity required to 
create the first disturbance. It must not be imagined, however, that 
I lose sight of the latent firedamp contained in the air of every mine 
of this class. On the contrary, I am satisfied that that firedamp plays 
a most* important part in every great explosion, and I have endeavoured 
strongly to iirge this view in both of my previous papers. 


XXVL “ The Molecular Volume of Solids.” By E. Wilson. 
Communicated by Professor G. G. Stokes, Sec. E.S. Re¬ 
ceived May 19, 1881. 

[Publication deferred.] 
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XXVIT. “The Effects of cerlain modifying Influences on the 
Latent Period of Muscle Conti’action.” By Dr*. G. E. Yeo 
and Dr. Cash. Communicated by Dr. J. B. Sanderson, 
F.R.S. Received June 15, 1881. 

[Publication deferred.] 


XXyill. “ On the Absorption of Gas by the Intestines and the 
Action of Carminatives upon it.” By T. Lauder Beunton, 
M.D., F.R.S., and Theodore Cash, M.D. Received June 
15, 1881. 

[Publication deferred.] 


XXIX. “On the Action of Alkali and Acid on Muscle: Frog 
and Rabbit.” By T. Lauder Brunton, M.D., F.R.S., and 
Theodore Cash, M.D. Received .Tune 15, 1881. 

[Publication deferred.] 


XXX. “On a New Form of Febrile Disease associated with 
the presence of an Organism distribirted with Milk from 
the Oldmill Reformatory School, Aberdeen.” By J. C. 
Ewart, M.D., Professor of Natural History in the University 
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F.R.S. Received June IG, 1881. 

[Publication deferred.] 


Tile Society adjourned oyer tlie Long Vacation to Thursday, 
ISToveniber 17fch. 
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The Molecular Volume of Solids.” By Edward Wilson, M.A. 
Communicated by Professor Stokes, Sec. R.S. Received 
May 19. Read June 16, 1881. 

The object of the present paper is to trace the relation between the 
molecular Yolume of any solid substance and its chemical constitution. 
This subject has engaged the attention of several previous inquirers, 
notably of Kopp, Schroder, and Hermann, but a review of their 
labours will be postponed tni an exposition of the principles of this 
paper has been given. Such an arrangement, it is thought, will 
very much facilitate a comparison between the views and results of 
the present writer, and those of his predecessors in the same field of 
inquiry. 

The molecular volume of any solid substance may be defined to be 
the weight of the molecule divided by the specific gravity of the 
substance. The weight is known in terms of the standard unit, if the 
chemical composition be known. The specific gravity may be deter¬ 
mined by experiment. Then we may form either of the equations— 


VoW of 

specific gravity 


Specific gravity= 


weight of molecule 
volume of molecule 


Another definition might be given as follows:—Every solid and 
liquid substance may be conceived as made up of molecules separated 
from one another by intervals of space, and kept apart by the repul¬ 
sive forces which each molecule exerts on the molecules adjacent to it. 
At a certain distance the molecules cease to repel, and beyond that 
distance they attract one another; consequently, any molecule may be 
regarded as situate at the centre of a sphere within which any similar 
m?:ris.^ile would be repelled. This sphere may be called the sphere of 
repulsion, and the volume of the molecule may be defined as the 
volume of its sphere of repulsion. This definition is more suitable to 
the gaseous forms of matter, where the molecular volume is determined 
by observations on the interdifiusion of gases according to the plan 
adopted by Professor Loschmidt of Vienna. It is easy to show that 
according to this definition the molecular volume of any solid sub¬ 
stance is equal to its molecular weight divided by its specific 
gravity.*^ 

Each atom which enters into the composition of a molecule has a 
■-.known and invariable atomic weight, and the weight of the molecule 
is the sum of the w'eights of the component atoms. In like manner 

* Vide note. 
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the simple monatomio molecule of any element must have a determinate 
and invariable volume if the element could be reduced to the monatomic 
condition, and this volume may be defined as its atomic volume. But 
an element does not carry its atomic volume unchanged into its com¬ 
pounds in the same way that it carries its atomic weight; indeed, it is 
not probable that an atom of a compound molecule has any volume at 
all (except, of course, in so far as the mere matter of the atom may 
have a volume) in the sense of occupying exclusively of other atoms 
a discrete portion of space. The whole volume of the molecule is 
shared by its constituent atoms in common, and no separate portiou 
of its space can be assigned exclusively to any one particular atom; 
nevertheless, each atom of the molecule must play its part in the 
formation of the common volume, and therefore a certain propor¬ 
tion of that volume may be attributed to each atom in it. 

The invariable and all-important atomic volumes defined in the 
precediug paragraph cannot be the subject* of direct experimental 
investigation, except perhaps in the case of the few elements, such as 
mercury, cadmium, and zinc, which are known to be monatomic in the 
gaseous state at terrestrial temperatures, though all the elements may 
be conceived as capable of thus existing under suitable conditions. 
The atomic volumes must in the case of each element be deduced from 
a comparison of the specific gravities of the various compounds in. 
which that element figures as a constituent. The first point to be 
aimed at is to discover, by means of comparisons, the values of these 
atomic volumes, because they of necessity form the only sound and 
rational basis of all speculations on the volumes of compound molecules. 
There exists no other firm ground or secure starting point; atomic 
volumes are to molecular volumes what atomic weights are to mole¬ 
cular weights. 

When two or more atoms combine to form a chemical compound, a 
very intimate union of some sort takes place between the atoms, of the 
real nature of which we are, in the present state of science, pro¬ 
foundly ignorant; but at any rate, a new molecule is formed with a 
new volume, and the question arises as to what relations subsist 
between this new volume and the atomic volumes of the components 
of the molecule. This is the problem which it is sought to solve, and 
the answer, perhaps, may best be given by the enunciation of the two 
following propositions 3 ^- 

(1.) When any number of similar atoms combine, the volume of 
the resulting molecule is equal to that of the uncomhined atom. 

(2.) When dissimilar atoms combine, the volume to he attributed to 
each atom is some submultiple or simple aliquot part of its atomic 
volume, and the resulting molecular volume is the sum of these. 

The somewhat speculative character of the above views will not 
escape the notice of any one, but before entering upon an explanation 
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of tlie tables wbicli follow, the author thought it right to state the 
physical conceptions by which he was guided in his work. It must, 
however, be premised, as will appear more fully in the sequel, that 
these conceptions are provisional only, and should they hereafter prove 
erroneous, their invalidity would not affect the truth of the main 
result arrived at, which it is now proper to formulate in the shape of 
a general proposition as follows:— 

(3.) Every element is capable of assuming different volumes in its 
various compounds, but these diverse volumes always hear to each 
other a simple numerical proportion, such as 1: 2, 1: 3, 2 : 3, &c., &c. 

Attention must now be directed to the tables which follow, and 
which contain the evidence for the principles put forward in this paper. 

Table I contains a list of the molecular or atomic volumes. The 
expressionmolecular or atomic” is used as implying that the two 
values are identical, as indeed they must be by virtue of the principle 
enunciated in proposition (1). It will be observed that by virtue of the 
same principle- equal molecular volumes are attributed to each of the 
aUotropic forms of an element, the allotropism being supposed to consist 
in the different number of atoms contained in their respective mole¬ 
cules. With regard to the third column of the same table, it should 
be pointed out that, since chemists are possessed of no means of 
determining the number of atoms in the molecule of an element in 
the solid state, the molecular weights here assigned to the elements 
have been chiefly derived from a consideration of the volumes w^hich 
the element is found to assume in the various substances of which it 
is a constituent. The atomic volumes of the elements whose specific 
gravities in the solid form are known, have been deduced from the 
specific gravities of such elements and their compounds conjointly, but 
the atomic volumes of such elements as hydrogen, oxygen, and ni¬ 
trogen^ whose specific gravities in the solid form are unknown, have 
been deduced from the specific gravities of their compounds alone, 
without the assistance to be derived from the specific gravity of the 
element itself. These last-mentioned compounds, however, are so 
numerous that their atomic volumes may be considered to be deter¬ 
mined with greater accuracy than those of any of the other elements,' 
with the exception of carbon. 

It would be impossible to present the evidence in favour of the pre¬ 
ceding propositions without an adequate notation, and, therefore, it is 
necessary to explain the system of notation that has been adopted. 
The atomic volume of each element is represented in the tables by the 
ordinary symbol used to denote that element, accented; whilst the 
submultiple of its atomic volume which the element assumes in a 
particular molecule is indicated by a sufhx. Thus the atomic volume 
of potassium (90) is represented by K'; whilst K'a in an expression 
for the molecular volume of any substance containing potassium 

2 l2 



460 


Mr. E. Wilson. 


woBld mean that the volume to he ascribed to potassium in that 
particular molecule is found by dividing the number 90 by 3, and 
then multiplying the quotient by the number of atoms of potassium 
in the molecule. Let us take an illustration from Table (IX). The 
molecular weight of potassium sulphate is expressed by K^SO^; the 
expression for its molecular volume is K'gS'gO' 4 , which means that the 
number K' (=90) has to be divided by 6 and the quotient multiplied 
by 2; the number S' (=96) has to be divided by 6 ; the number 
O'(=20) has to be divided by 4, and the quotient multiplied by 4 , 
and that the sum of the resulting numbers (30+-16 + 20 = 66 ) 
is the molecular volume of potassium sulphate. The specific gravity 
‘ is then obtained by dividing the molecular weight by the molecular 
volume: thus the specific gravity of potassium sulphate=y/ = 2*636, 
which agrees very well with its observed value =2*640. 

Another method of notation might have been adopted which has 
the advantage of getting rid of the accent and exhibiting both the 
molecular weight and volume in one and the same formula. Thus 
both the molecular weight and volume of potassium sulphate might 
be expressed by K^SiOi, if the numerators of the fractions are under¬ 
stood to represent the number of atoms and the denominators the sub¬ 
multiples of the atomic volumes. 

It is now necessary to explain more in detail, how the fundamental 
numbers of column lY, Table I, have been obtained. In the first place 
it may be observed that these numbers are always some multiple of 
the atomic weight of the element divided by its specific gravity ; but 
that it requires an examination of the compounds of the element to 
determine what this multiple ought to be. Let us take one or two 
illustrations. The atomic weight of sodium divided by its specific 
gravity is 24, and an examination of the compounds of sodium dis¬ 
closes the fact that this element assumes in its compounds most fre¬ 
quently the volumes 8 and 12 , and occasionally 24: the number 2 , 
therefore, is the proper multiple in this case, and the fundamental 
number to be assigned to sodium is 48. Again, the atomic 
weight of iodine divided by its specific gravity is 25*6, but the most 
frequent volume of iodine in its compounds is 32 and, less fre¬ 
quently 21 ^: the number 5 therefore is its proper multiple, and 
the fundamental number to be assigned to iodine is 128. For 
25*6 X 5=128, whilst 32 and 21^ are respectively one-fourth and one- 
sixth of the same number. One more instance, perhaps, will suffice. 
The atomic weight of boron divided by its specific gravity is about 
=4, whilst its compound volumes are 7 and 14: whence 7 is the proper 
multiple and 28 its fundamental number. 

Ammonium (XH 4 ) and cyanogen (OX) may, be treated as simple 
elements, having as fundamental numbers the sum of the fundamental 
numbers of their constituents, viz., X'-h4H'=24-i-32=56 and 
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C'+N'=32 +24=56 respectively. The meaning of this is that the 
components of these radicles always undergo a like condensation. 
Water of crystallisation has a volume H 40 ' 2 = 14 , whilst that of 
ammonia in ammonia-compounds is N' 2 S' 4 = 18 . 

The tables which accompany this paper will be found to contain 
pretty strong evidence of the truth of a conjecture first made bv 
Kopp with regard to oxygen, viz., that an element in one and the same 
compound may undergo different condensations if it enters into the 
composition of two distinct radicles. Hydrated ammonium sulphate, 
(NH 4 ). 2 S 04 ..H 30 , affords a good illustration of this, for its molecular 
volume is (HH 4 )' 3 S'q 0 ' 4 H' 40 ' 2 , and it will be observed that the 
hydrogen in the ammonium radicle is condensed to one-third, whilst 
in the water of crystallisation it is condensed to one-fourth, and again 
the oxygen in the acid radicle is condensed to one-fourth, whilst in 
the water it is only one-half. 

The following circumstance is well worth consideration. Many 
substances, having the same chemical composition, appear to possess 
two distinct specific gravities, and therefore different molecular 
volumes; a good instance of this is to be found in mercuric sulphide, 
(HgS), which, as cinnabar, has a specific gravity of about 9*0, but in 
its amorphous state, a specific gravity of about 7 * 6 , corresponding to 
molecular volumes Hg'gS'g and Hg'^S'g respectively: (HgS) has also 
sometimes a specific gravity intermediate between these limits, indi¬ 
cating an admixture of the two states. These mixtures are rather 
puzzling to any theory of molecular volumes, just as the densities of 
gases at temperatures when they are undergoing dissociation appear to 
be anomalous according to Avogadro’s law. Perhaps these substances 
might not inappropriately be called bivolume trie or disteric bodies; a 
few examples of such compounds are given in the following table:— 


Substance. 

Molecular 

weight. 

Molecular 

volume. 

Calculated 
sp. gr. 

Observed 
sp. gr. 

Silicic dioxide (crys- 





talline). 

Si 02 

Si'40'8 

2*688 

2*690 

Silicic dioxide (amor- 




phous). 


Si' 40'4 

2*200 

2*200 

Zix’conium dioxide.... 

ZrOa 

Zr'iO'g 

6-655 

5*624 

.... 


Zr'40'4 

4-588 

4 *35.~4 *90 

Titanium dioxide (ru¬ 





tile) . 

TiOa 

T'gO's 

4-256 

4*250 

Titanium dioxide (an- 




atase) . 


Ti'.O'g 

3-875 

3*890 

Cobalt sesqiuoxide.... 

CoaOa 

Co ^ 40^4 

5-627 

5*600 

j> )i .... 

»> 

Go' 40'3 

4-811 

4*814 


There is one more circumstance deserving mention, and that is, the 
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inyariability of tliG Yolume of tlie constifcnGnts of tbe acid radicle 
in salts of fclie acid; for instance, in upwards of 60 sulpbates, the 
radicle SO^lias the same volume S'60'4=36. It is true, the carbo¬ 
nates appear to form an exception to this rule, the ludicle CO3 having 
in some cases the volume C'40'4=2S, and sometimes the volume 
C'q 0^4==L9, and curiously enough, the oxalates follow suit in indi¬ 
cating two volumes for the radicle O3O4, viz., 0^40^4=06, and 
C'80'4=28. 

The observed specific gravities, with a few exceptions, have been 
taken from Clarke’s “Constants of Nature,” being No. 255 of the 
Smithsonian Miscellaneous Collections, a very compact and useful 
volume, which contains almost all the determinations that have been 
made by observers in all parts of the world. 

We may now proceed to point out the very fair agreement between 
results obtained on the present theory and those reached by Professor 
Loschmidt by quite a different method, namely, by observations on the 
interdiffusion of gases. A simple inspection of the following table 
will show that the molecular volumes obtained on the principles of 
this theory agree very well with those arrived at by Loschmidt. 

Comparison of the results of the present theory with those obtained 
by Professor Loschmidt from his experiments on the inter-diffusion 
of gases. 


Substance. 

Molecular 

volume. 

Present 

theory. 

Loschmidt. 

I. 

II. 

Hs 

H's 

8 

7 

7 

CO 

CoO's 

26 

25 

25 

1^3 

N'o 

24 

26 

24 

NO 

N'aO's 

22 

24 

23 

O 2 


20 

22 

21 

HCl 

H'sCl'a 

26 -g 

26-3 

26 -3 

CI 2 

Cl's 

45 

45 '6 

45 *6 

HoO 


18 

18 

18 

HaS' 

H'2S^4 

32 

33 

33 

CO3 

O'sO's 

36 

36 

35 

■ N2O 

N'aO'a 

34 

37 

35 

SO 2 

S' 40'2 

44 

48 

48 

NH 3 


24 

23-g 

22 -g 

CH 4 

C'aH'a 

32 

35 

28 

C 2 N 2 


56 

54 

56 


Kopp’s labours on molecular volumes were devoted chiefly to liquid 
substances, which are beyond the scope of this inquiry. The follow¬ 
ing brief account of his views on the molecular volumes of solids is 
derived from Miller’s “ Chemistry.” Kopp supposes that, in the case 
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of the oxides, oxygen has three distinct yoluiiies, 16, 32, and 64 (his 
nnnihers are adapted to the atomic weight of oxygen= 100 ), which 
are in the simple numerical proportion 1, 2, and 4, but he never 
extends this principle to the other elements, unless it be, perhaps, to 
chlorine and the lighter metals; for, in the chlorides, the two values 
which he assigns to chlorine, 196 and 245, are in the ratio of 4:5; 
but then it is necessary to assume new volumes for the metals, whicli, 
like potassium, sodium, calcium, and magnesium, undergo condensa¬ 
tion in the act of combining; and the volumes thus assumed for them 
exhibit no simple relation to the metals in an uncombined state. To the 
acid radicle SO^. in the sulphates two volumes are likewise assigned, 
186 and 236, which bear no simple relation to each other, and are not 
deiuved from the constituents of the radicle. To the radicles CrO^, 
CO 3 , and NO 3 , in the chromates, carbonates, and nitrates, are assigned 
the volumes 228, 151, and 179, but then it does not appear that any 
connexion is traced between these numbers and the components of the 
respective radicles. 

Schroder propounds the following principle:—“ In every solid 
compound the volume measure (volume-maas) or the stere, of pne 
of its elements, which, through the forces acting during crystallisation, 
determines all the other components and respective constituents, 
causes equal volume measures to take up equal steres. In other 
words, one of the elements assimilates all the others.” 

The number of atoms of each element in a compound is indicated 
in the ordinary manner by a whole number placed to the right of the 
under side of the symbol, and the number of its steres by a whole 
number to the right of the upper side. The stere is distinguished by 
an overstrpke, and the observed and calculated volumes by a similar 
understroke. The element in a compound which determines the stere 
is also indicated by an over stroke; thus metallic silver is AgJ=2x 
5T4=10'28, observed volume=10*28. Again, the chloride, bromide, 
and iodide of silver are represented thus :— 

AgCi;=5x ^= 25*70 obs. vol. = 25*70 . 

AgBrt= 6 x ^= 30*81 „ = 30*81 . 

Agi;=8x5T4=4M2 „ =41*12. 

From this it is seen that in all these compounds the silver stere 
dominates. 

Mercury has a stere=5'52. Thus:— 

Mercurous oxide=Hg 20 i=7 X 5*62=88*64 obs. vol. 38*64* 


Mercuric oxide=Hg 202=7 X 5*52=38*64=2 x 19*38 obs. vol. 19*32 . 
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Amorpiioiis black cinnabar=—11X 5*52—60*72—2 x 80*36 obs. 
vol. 30*36. 

Red rbombobedric ciiinabar=Hg 2 S|=ll X 5*30 = 58*30=2 x 29*10 obs. 
vol. 29*10 . 

The black cinnabar is distinguished from the red by the fact that, 
in the former, the mercury stere dominates, whilst in the latter it is 

the sulphur=5*30. 

The mercury in its chlorides and bromides, and also in the cyanide 
is present as Hg?, and not as Hgi, thus :— 

Mercurous chloride=HgfCli=6 x 5*52= 33*12 obs. vol.=33*12,’ 

„ bromide=Hg?BrJ=7x 5*52=38*64 „ „ =38*64. 

Mercuric chloride =Hg’JCl 2 =9 X 5*52=49*68 „ „ =49*68. 

„ bromide=H^?Br|=ll x 5^= 60*72 „ „ = 60*72 . 

„ cyanide=HgfOy|=12x5*52=66*24 „ „ =66*24. ’ 

- - I 

Manganese oxides and silicates.—Metalic manganese has, according 
to John, the volume 6*9=| magnesium. 

Mn®=5 X 5*52=27*6=4 X 6*9 obs. vol.=6*9. 

Pyrblusite=Mn408=13 X 5*52= 71*76=4 X 17*94 obs. vol.—17*8—18*0. 

Manganite is isomorphous with gothite and diaspore. 

The molecular volumes of these bodies are as follows :— 

Diaspore=Al|Ha 04 = 7 X 5*14= 35*98 obs. vol.=35’98. 

Manganite=Mn*JH40s=15 X 5*40=81=2 X 40*5 obs. voL=40‘5. 

GothLte=FeJH408=15 X 5*40=81=2 x 40*5 obs. vol.=40'5. 

In diaspore, therefore, the aluminium stere dominates, but in man- 
ganese and gothite the oxygen stere=5*40. 

All the other oxides of manganese contain the manganese as Mnl, 
thus:— 

Manganous oxide=MnlO|=5 X 5*52=2 X 13*80 obs. vol.=13*80. 

Braunite „ =Mn|0|=6 X 5*52=33*12 obs. vol. =33*12. 

Hausmannite „ =MngO|=17x 5*52=93*82=2x46*91 obs. vol. = 
47*10. 


In the manganese silicates, the manganese has the condensation 
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Mni and tbe silicic acid the same volume constitution as quartz, viz., 
SifOl, thus:— 

Tephroite=Mn3Sii04=9 X 5'4=48‘6 ohs. voL=48*6. 

Paishergite=MnJCaJSiB^Oi§=32x5*62=ll76'64 ohs. voL=176*64. 

' In the first of these minerals the oxygen stere dominates, whilst in 
the latter it is the manganese stere. 

Hermann, examining a series of oxides having the form HO, finds 
that the volume of the oxygen in them =5, which he designates as its 
normal value. The volume (5) is probably correct, but why this par¬ 
ticular volume should be dignified by the term normal, it is not so 
easy to see. The volume of a monatomic molecule of oxygen is the 
only one entitled to be called normal if it could be got at, and is 
probably=20. He then infers that the specific gravity of solid 
oxygen is -\® = 3*2. It is unnecessary to speculate on what is the 
specific gravity of solid oxygen, but it may be remarked, in passing, 
that solid oxygen cannot have less than two atoms in its molecule, 
and that its molecular volume is probably 20, which would give 
||.=I*6 as its probable specific gravity. Hermann then proceeds to 
assign this volume (5) to the oxygen of water, H^O, the molecular 
volume of which=18, and then deducting (5) from (18) he obtains 
13 for the volumes of the two hydrogen and 6*6 for a single atom of 
hydrogen. It is submitted that the tables which accompany this paper 
contain abundant evidence that oxygen contributes (10) to the molecular 
volume of water, and the hydrogen atoms (4) each. Por in nearly a 
hundred compounds containing hydrogen, the hydrogen atom is never 
found with a volume greater than (4), but in a great number of cases 
with that volume. The next step- is to determine the volume of 
nitrogen from a consideration of the density of fluid ammonia which is 
taken as *629. Dividing the molecular weight of ammonia (17) by 
•629 gives (27) as its molecular volume. Then deducting from (27) 
3 X 6*6 for the three hydrogen atoms, leaves 7*5 for the volume of 
nitrogen. The same observation may be applied to this determination 
as to the previous one, that hydrogen never has so great a volume 
as 6*5. According to the system of this paper, the molecular volume 
of ammonia is 24—Loschmidt makes it 23*6—the nitrogen contri¬ 
buting 12 and the three atoms of hydrogen (4) each, and therefore, 
though the density of liquid ammonia may be *629 at a certain tem¬ 
perature, the probable specific gravity of solid ammonia is -11-=*708. 
The density of liquid ammonia at —10® *7 0. has been found to be as 
high as *650. By such methods as the above, and others, Hermann 
determines the normal volumes of the elements, but he supposes the 
non-metallic elements and the lighter metals capable of assuming 
other volumes than the normal ones in their compounds, though not so 
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tke heavy metals. For instance, taking nnity to represent the normal 
volume, oxygen may assume the following volumes :—-J, 1, l-J, 1~J-, Ij, 
2 and 3 ; sulphur, 1 and ; and the halogens, -J-, f 

In conclusion, it may he remarked that the tables lend theii\chiof 
support to proposition (3). Propositions (1) and (2) must be con¬ 
sidered more hypothetical, but the writer wished to place them on 
record, because, if true, they would afford a physical interpretation to 
the fundamental numbers of column (IV) Table I. In proposition (I) 
also is to be found an explanation of the allotropism of the elements, 
carbon, silicon and phosphorus, based as it is upon the supposition that 
these allotropic forms contain a different number of atoms in the nucleus 
of their molecules with the same molecular volumes, and there are 
independent physical reasons, which render it not improbable that the 
accumulation of similar atoms in the nucleus of a molecule would not 
alter its volume, whatever be the law of force in action. The question 
is perhaps not altogether beyond the reach of direct experimental 
investigation. For if experiments on interdiffusion could be carricvi 
on at the temperature of gaseous mercury, the determination of the 
molecular volume of wonatomio mercury, by the method of Losclimidt, 
would shed a very great deal of light on the subject. 

Note ,—Let Y be the volume of any solid or liquid substance, W its 
weight, S its specific gravity, then 



The unit of volume being the volume of the unit of weight of the 
standard substance. 

For distinctness we will take the hydrogen atoms as the unit of 
weight, and water at its greatest density as the standard substance. 
Then 


Volume of molecule of water= 


weight of molecule 
specific gravity of water 


PIpO 

1 


=18, 


or the unit of volume is yV of the volume of the molecule of 
water. 

Suppose the substance to contain n molecules, then— 


W 



n 


Now — IS the weight of one molecule, and we may define — as the 

n 

volume of one molecule. 



4(37 


The Molecular Volume of Solid, 9 . 

Y __ volume of molecule of substance 
n -xV volume of molecule of water * 

Y 

Consequently, the numerical value of — would not be altered if we 

n 

took for our definition of molecular volume any volume bearing a fixed 
proportion to the volume first taken as such definition. The nume- 
i*ator and denominator of the fraction (1) would both be increased or 
diminished in the same proportion. Now, inasmuch as the molecules 
of any substance will pack themselves as closely as their mutual 

repulsions will allcw, it follows from geometry that the space ^ is 

n 

proportional to the sphere of repulsion of the molecule of the sub¬ 
stance. 

Hence we may define the volume of a molecule as the volume of 
its sphere of repulsion without affecting the equation. 

Specific graviiy of substance 

volume of molecule 
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Mspar. ElAlSigOg E'4Al'oSi'40's 2 -522 2 *53— 2 *59 

Albite .ISTaAlSigOg Na' 4 Al' 2 Si' 40 'g 2*627 2*54—2*64 

BatraL'liite..... CaMg(Si 03)2 Ca' 4 Mg' 3 JSi' 40^8 3 *034 3 *033 

Monticellite . ...... CaMg ( 18103)2 3 *222 3 *245—3 *275 

Leuoite . KAl(Si 03)3 E;' 4 Al' 3 Si^ 40 'a 3 *482 2 *45—2 *5 
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On a New Form of Febrile Disease associated with the 
presence of an Organism distributed with Milk from the 
Oldmill Eeformatory School, Aberdeen.” By J. Cossar 
Ewart, M.D., Professor of Natural History in the University 
of Aberdeen. Communicated by Professor Bcjrdon San¬ 
derson, F.R.S. Received and Read June 16, 1881. 

JSistorij of the Oiithreah .—On the 1st of April one of my servants 
was prostrated with a peculiar fever, which at first seemed to be a 
severe attack of influenza. No special treatment was indicated, and 
it did not appear necessary to call in a medical attendant. When, 
however, on the following day a child of nine months was attacked in 
the same way, I felt alarmed, and at once proceeded to inquire as to 
the nature of the disease, and as to its probable origin. 

I soon heard of about twenty other cases, all suffering in the same 
way, and all living under similar conditions and in the same neigh¬ 
bourhood, using the same water, and, without exception, all obtaining 
their milk from the same dairy. 

Knowing how often milk has been a means of disseminating fever 
organisms, I secured the milk on delivery the next morning (April 3), 
that I might examine it microscopically, and subject it to other tests, 
should such seem necessary. 

Further inquiry carried on by Dr. Beveridge, Chairman of the 
Aberdeen Town Council Health Committee, showed that the same 
fever followed fast in the track of the milk-cart from the Oldmill 
Reformatory School. Out of 110 families supplied with Oldmill milk, 
at least 89 suffered from this peculiar fever; there being 220 cases in 
66 of these families; in all, about 320 individuals are known to have 
suffered. 

Careful inquiry failed to discover a single case where the Oldmill 
milk bad not been in use in one form or another. 

The fever seems to have made its appearance on, the 25th of March, 
but to have made but slow progress until the 1st of April, when 13 
cases were reported. On the 2ad of April 22 cases were reported; 
there were 22 more on the 3rd of April, 31 on the 4th of April, 27 on 
the 5th April, 50 on the 6th April, and 16 on the 7th April. By the 
6th April many families had ceased to use the Oldmill milk, and on 
the 7th April the Directors of the Reformatory stopped the supply. 
On the day the supply was stopped, 16 fresh cases were reported. On 
the 8th April 6 were reported, another was reported on the 9th April, 
and the only other known case was reported on the 13th April. 

From the evidence given before the Commissioners, appointed 
under the Public Health (Scotland) Act to investigate the nature and 
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cause of the epidemic, it appeared that some of the families which 
escaped had been supplied with milk of a very superior quality ; 
whereas many of those who suffered from the disease deponed that 
the milk delivered to them looked and basted as if it had either 
been adulterated with water or with skimmed milk. In other families 
which escaped it was only used for cooking purposes, or the chief 
supply of milk was obtained from other sources, or only a very small 
quantity of cream was used. In many cases the individual members 
of affected families who escaped were in the habit of using the milk 
only after it had been cooked or boiled. In my own household of 
eight, two escaped who were in the habit of using boiled milk only. 

Sywptoms ,—In the oases which came under my observation, I 
noticed the following symptoms ;— 

1. A well-marked rigor, with a feeling of chilliness, lasting from 
ten to fifteen hours; headache, pain in the back and limbs, and often 
nausea and vomiting. 

2. Sudden rise of temperature varying from 103° to 104°, and even 
reaching sometimes 105° F. 

3. Hot dry skin, and a pulse of 120 to 125. 

4. A feeling of uneasiness in the neck, accompanied in some cases 
with congestion of the fauces and tonsils. 

5. Enlargement of the cervical glands lying between the angle of 
the jaw and the anterior border of the sterno-mastoid muscle—the 
glands of one side were usually more affected than those on the 
other. 

6. Complete remission of the febrile symptoms for twenty-four to 
thirty-six hours, but marked prostration during the remission. 

7. This period was followed by a return, in nearly all the cases, of 
the high temperature, which lasted from twenty to thirty-six hours. 
In many cases, after the second remission, there was a third relapse, 
and in not a few cases a fourth relapse. In those cases in which a 
relapse took place, the glands least affected during the first attack 
were most affected during the second attack. 

8. In all cases there was a very slow recovery from the prostration. 
Although the outbreak began on the 25th of March, some of those 
attacked are still (13th June) suffering from sequelae, to be afterwards 
referred to. 

Perhaps the most characteristic and constant feature of the disease 
was the swelling of the cervical glands at the angle of the jaw. 

Further, there was an indurated condition apparently of the fibrous 
structures in front of the sterno-mastoid, extending as far as the 
clavicle, and sometimes upwards, so as to appear to involve the 
parotid gland. In most cases this induration slowly disappeared, but 
in at least three cases it has ended in suppuration. 

In many cases, after convalescence had fairly set in, there were 
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frequent relapses cliaracterised cliiefly by great prostration, which 
lasted from two to three days, and not a few snfiEered from attacks of 
a condition closely resembling muscular and articular rheumatism. 

There were three fatal cases. It is to be remarked, however, that 
these patients were elderly people (over seventy years of age), and 
that they seem to have succumbed to the prostration produced by the 
disease. 

Arrangements at the Dairy. 

The microscopic examination of the milk of the 3rd April showed 
that it contained numerous organisms ; hence I visited the dairy in 
oi’der if possible to learn how these organisms could have found their 
way into the milk. The cows, as far as I could judge, were perfectly 
healthy, their udders clean, and no abrasion about the muzzles such as 
exist in cattle afeoted with foot-and-mouth disease. The food at the 
time of my visit consisted of hay, straw, grains (“ draff bran, oil¬ 
cake, and turnips. The drinking water came from a cistern which was 
placed in a corner of the large open byre immediately over the heads 
of several cows. 

The cistern was made of concrete and only loosely covered with a 
thin wooden lid, consisting of at least two separate pieces, which had 
at one time been connected by a leather hinge. This cistern was 
capable of containing about 300 gallons of water. On further inquiry 
I found that all the water used about the dairy for washing the cans, 
for dissolving the nitrate of potash added to the milk, came from this 
cistern, and that somewhere about 600 gallons of water were used 
daily; hence the level of the water would be constantly falling and 
rising in the cistern, and the air from the byre (constantly passing in 
and out of the cistern. Two days previous to my visit the use of the 
cistern had been discontinued. On going into the cistern I found a 
small quantity of water at the bottom, and secured a sample of it for 
future examination. I noticed also that fungi flourished on the inside 
of the wooden lid, and that some parts of the sides of the cistern, 
notwithstanding the scrubbing the cistern had just undergone, were 
coated with a thin layer of what might at one time have been a scum 
on the surface—a scum formed during the winter or dui'ing February, 
when the water supply was cut off for several days. 

The hay used for feeding the cows was cut into small pieces and 
steamed in a large tank before it was used. After being steamed it was 
allowed to cool and then conveyed to the byre in wooden troughs. 
Enough was steamed at a time to last for two or three days. The day 
after the steaming the bottom of the tank was found to be filled with* a 
strong infusion of hay. Some of this infusion I carried off for examina¬ 
tion. On the same level as this tank, and only separated from it by a 
narrow partition, was a tank of about the same size, which was used 
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for keeping the grains used. The nianager informed me that 
he considered the grains of the previous week to be of very inferior 
quality. The turnips, considering the season of the year and the 
severity of the winter, looked well. 

The general impression produced on me by my visit was that the 
water was at fault. This impression was strengthened by the follow¬ 
ing circumstances .*—(1.) The dairymaid had recently complained that 
the water had a very bad smell; (2.) The manager gave it as his 
decided opinion that the water had been the cause of the epidemic; 
and (3.) On chemical analysis by Mr. Jamieson, the city analyst, it was 
found to contain a large quantity of “albuminoid ammonia.'’ Mr. 
Jamieson reported that “ the contamination which the water as sup¬ 
plied to Aberdeen has suiSered takes it from the ‘ excellent ’ into the 
‘dangerous’ class; while the harmless ingredients remain at nearly 
the same point, the injurious ingredients have been trebled.” 

The following is the result of the chemical analysis by Mr. 
Jamieson:— 



Grains per gallon. 

Parts per million. 

Total solids contamiug. 

4'7 

67-143 

Chlorine... 

,, 

10 -143 

Tree ammonia. 


0*029 

“Albuminoid ammonia”. 


0*212 

1 Nitric anhydride. 


3*857 

Sulphate 'of lime and carbona¬ 



ceous matter. 


52 *902 



67 *143 


Results of Microscopic Investigations, 

1. The Milk .—Professor Brazier reported of a sample of milk sent 
him for examination on 5th April as follows :— 

“ The sample of milk, chemically considered, appeared to be one of 
fair average quality. The proportion of water and of saline matter 
was by no means abnormal and gave no reason for suspecting any 
admixture or adulteration therewith. The only thing that attracted 
my attention was the somewhat rank odour possessed by the milk, 
which manifested itself the more by allowing the milk to rest for a 
time in a vessel half-full and loosely covered.” 

On microscopic examination of the milk delivered on Sunday, 
3rd April, I found—(1.) Numerous micrococci. Some of them were 
free and not readily recognised, but many were united so as to form the 
characteristic “ micrococci chains,” while others were grouped together, 
forming zooglcea. 
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(2.) Nxtmerous spores of fungi and cells of tlie yeast plant. 

(3.) Spores similar to the spores of B. anthracis. 

On examining milk purchased from another dairy and milk sent 
from the Oldmill Dairy on Wednesday, 6th April, after the alarm had 
been raised about the milk, and the use of the cistern discontinued, it 
was impossible to detect with the microscope either micrococci or the 
spores of bacteria or fungi. 

2. Water from the cistern in the byre contained numerous yeast 
cells, fungus spores, and a few micrococci, but I was unable to detect 
any spores of bacteria. 

B, The infusion from the hay tank teemed with bacilli, ordinary 
bacteria, micrococci, and “micrococci chains,” and there were also 
numerous filaments in process of development, and numerous yeast- 
cells. 

4. Hay inf asion recently made contained bacilli, bacteria, and micro¬ 
cocci, but only a small number of yeast cells. 

5. The grains contained bacilli, bacteria, and micrococci, but 
especially the cells of Torula. 

6. The soft centre of a turnip presented a few ordinary bacteria and 
a few bacilli. 


Results of GultimUons, 

1. Brd of AjQril, Oldmill MiVk .—On cultivating the milk referred 
to above in aqueous humour the micrococci became very active, and 
many of them assumed a dumb-bell shape, which indicated that they 
were in process of multiplication. The spores previously observed 
began to germinate and in a few hours fully developed rods made 
their appearance. The bacilli, as is usually the case vTith B. 
anthracu, remained motionless, any apparent oscillation resulting from 
the active movements of the micrococci around them. In from fourteen 
to twenty hours the bacilli began to lengthen, but, probably owing to 
the abundant presence of micrococci, their development was arrested 
in this and in all subsequent cultivations of the milk before they 
reached the spore-bearing stage. 

On cultivating in the same way—(1) Milk sent from Oldmill on 
the 6th April; (2) Milk collected directly from two Oldmill cows in 
clean stoppered bottles on the 27th April; and (3) Milk from another 
dairy (Oowie), no bacilli made their appearance; there were, how¬ 
ever, in (1) and (3) a few ordinary bacteria (H. termo ?) and 
numerous micrococci. 

On cultivating the Oldmill hay infusion, the fresh hay infusion, 
the grains and turnips, there was a considerable increase in the 
number of bacilli, bacteria, and micrococci, and in the case of the 
grains and Oldmill hay infusion a great increase of the Torula cells, 
and many of the fungus spores germinated into branching filaments. 
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Pathological Results. 

First Series of Fxjperiments, 

a, Inocalated rat with distilled water. ISl'o result. 

&. Inoculated rat with milk from Cowie Dairy. No result. 

G. Inoculated rat with cultivated milk from Cowie Dairy. No 
result. 

d. Inoculated rat with milk from Oldmill Dairy, taken on 27th 
April. No result. 

e. Inoculated rat with milk, 27th April, after cultivation. No result. 

/. Inoculated rat with Oldmill milk of 3rd April, containing 

spores, micrococci, and TorulsB. 

g. Inoculated rat with milk of 3rd April, after cultivation, contain¬ 
ing bacilli, short filaments, micrococci, and Torulse. 

Death followed in both cases from fifteen to twenty hours after in¬ 
oculation. After several failures, I succeeded in obtaining a cultiva¬ 
tion from near the seat of inoculation, containing bacilli only, or 
at least very few micrococci. In due time the bacilli developed into 
spore-bearing filaments. 

Inoculation with the spores from this cultivation produced the same 
result as the milk and the milk cultivations / and but the spores 
were slower in their action, and now (^ th June) the fatal result does 
not follow until four days after inoculation with cultivated spores. 

Second Series of Fxperiments, 

Other rats were inoculated with the fresh hay infusion, with the 
turnip infusion, with an infusion of grains, with the Oldmill hay 
infusion, and with distilled water. No result followed except in one 
instance. A rat, twenty-five hours after inoculation with the Old¬ 
mill hay infusion, was found dead. I have not had time to complete 
this series of experiments. 

Third Series of Fxperhnents, 

Prom one of the cases in which the induration in the neck ended in 
suppuration* I obtained a small quantity of pus, antiseptically 
collected and sealed in vaccine tubes. On examination the pus was 
seen to contain a number of bacilli and spores, which exactly 
resembled the spores previously found in the 3rd April Oldmill milk. 
On placing a very small drop of this pus in a cell and introducing 
the cell into a warm chamber, the spores germinated and some of the 
rods lengthened into filaments, but the filaments have not yet (13th 
June) developed spores. 

Pus collected in the same way, but apparently containing neither 
bacilli nor their spores, has not, under cultivation, undergone any 
change. 
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■With an absolutely new syringe, I inoculated—(1) a rat with a 
very small quantity of the pus containing the bacilli and spores; the 
pus was taken from the capillary vaccine tube, and dissolved in a few 
drops of distilled water; (2) another rat was inoculated with the pus 
in which there were no bacilli; and (3) a rat was inoculated with 
distilled water. 

The rat inoculated with the pus containing the bacilli was found 
dead the third day after the inoculation, the other rats are still alive. 

In the tissues of the rat which died are numerous bacilli, which, on 
cultivation, lengthen into spore-bearing filaments. 

I have not been able to detect any special lesions in the rats which 
succumbed to the several inoculations. The right side of the heart is 
engorged, and the subcutaneous tissue, especially around the seat of 
inoculation and in the cervical region, is infiltrated with colourless 
blood-corpuscles, but the alimentary tract and spleen retain their 
normal appearances. 

My investigations have led me to conclude—(1.) That this disease 
(which is considered by all the medical men in the district to be a 
new disease) has been sefe up by an organism morphologically not 
unlike B. anthracis and having the same life history. 

(2.) That the organism was introduced into the milk after it left 
the udder of the cow. 

(3.) That the conditions in and around the dairy were such as 
would give special organisms, conveyed to the dairy in the grains or 
hay, every opportunity of developing and finding their way into the 
water cisterns. In fact, the conditions were such that an innocuous 
organism might easily have assumed noxious properties. 

Whether the washing of the milk cans with the infected water is 
sufficient to account for the outbreak, I am not prepared to say; but 
judging from the immense number of organisms in the milk of the 
3rd April, compared with the milk of 6th April, in which there were 
few if any organisms, I am inclined to believe that there must have 
been other channels thi'ough which the milk was infected. 

Note ,—I am indebted to Professor Stephenson for the opportunity 
of experimenting with pus from one of the affected patients. 


Presents, June 16, 1881. 

Transactions. 

Amsterdam:—K. Zoologisch Genootschap (Natura Artis Magistra). 
Catalogus der Bibliotheek. Royal 8vo. Amsterdam 1881; 

The Society. 

Baltimore:—Peabody Institute. Thirteenth Annual Report. 8vo. 
Baltimore 1880. The Institute. 
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Transactions {continued ). 

Barnsley:—Midland Institute of Mining, Civil, and Mechanical 
Engineers. Transactions. Yol. YII. Part 51. 8 vo. Barnsley 
1880. The Institute. 

Berlin:—K. Preussische Akademie der Wissenschaften. Monats- 
hericht, Jan., 1881. 8 vo. Berlin 1881. Circular zum Astrono- 
mischen Jahrhuch. Nos. 138-60. 8 vo. Berlin. The Academy. 
Bremen:—Naturwissenschaftlicher Yerein. Abhandlungen. Bd. 
YII. Hefte 1 , 2 . 8 vo. Bremen 1880-81. Beilage No. 8 zu den 
Abhandlungen. 8 vo. Bremen 1880. The Association. 

Brussels:—Academic Boyale de Medicine. Bulletin. 3e Serie. 

Tome XY, No. 4. 8 vo. Bruxelles 1881. The Academy. 

Calcutta:—Asiatic Society of Bengal. Journal. Yol. L. Part 1. 
No. 1. Part 2, No. 1. Proceedings. 1881. No. 3. 8 vo. 
Calcutta 1881. The Society. 

Cambridge (Mass.) :—^Museum of Comp. Zool. at Harvard Coll. 
Bulletin. Yol. YIII. Pp. 95 to 264. 8 vo. Gavibridge 1881. 

The Museum. 

Copenhagen : — X. Danske Yidenskabernes Selskab. Oversigt. 

1880. No, 3. 1881. No, 1. 8 vo. Kjohenhavn. The Society. 
Erlangen:—Physikalisch-Medicinische Societat. Sitzungsberichte. 

Heft 12. 8 vo. Erlangen 1880. The Society. 

Ealmouth:—Boyal Cornwall Polytechnic Society. Report. 1880. 

8 vo. Falmouth. The Society. 

Elorence:—B. Istituto di Studi Superiori Pratici e di Perfeziona- 
mento. Pubblicazioni. Sezione di Medicina e Chirurgia. 
Memoria del Dott. E. Pacini. Sezione di Eilosofia e Eilologia. 
Yol. II. Disp. 6. 8VO. Firenze 1880. The Institute. 

Huddersfield:—Yorkshire Naturalists’ Union. The Naturalist. 

Yol. YI. Nos. 68-71. 8 vo. Huddersfield. The Union. 

Kolozsvar:—Erdelyi Muzeum. Evfolyam YIII. Sz. 5. 8 vo. 1881* 

The Museum. 

Lisbon:—Academia Beal das Sciencias. Memorias. Olasse de 
Sciencias Math., Phys., e Naturaes. Nova Serie. Tomo Y. 
Parte 2. 4to. Lisboa 1878. Classe de Sciencias Moraes, &c. 
Nova Serie. Tomo Y. Parte 1. 4to, Lisboa 1879. Jornal 
de Sciencias Math., Phys., e Nat. Num. 24-29. 8 vo. Lisboa 
1878-80. Sessao Publica. 9 Junho, 1880- 8 vo. Lisboa 1880. 
Conferencias .... acerca dos Descobrimentos e Colonisa 96 es dos 
Portuguezes na Africa. Quanta Conferenoia. 8 yo. Lisboa 
1880, Historia dos Estabelecimentos Scientificos, &c., de Por¬ 
tugal. Tomo YIII, IX. Por J. S. Bibiero. 8 vo. Lisboa 1879- 
. 81. Elora dos Lusiadas pelo Conde de Eicalho. 8 vo. lAsboa 

1880, Yida e Yiagens de Eernao de Magalhaes. 8 vo. Lisboa 

1881. Elementos de Histologia Geral e Histophysiologia. Por 
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Eduardo Augusto Motta. ■ 8vo. Lishoco 1880. Documentos 
remettidos da India. Tomo I. 4to, Lishoa 1880. William 
Shakespeare. Hamlet. Traduccao de Bnlhao Pate. 8vo. 
Lisboa 1879. Demosthenes. A Ora^ao da Ooroa Versao do 
Original Grego. Por J. M. Latino Coelho. Segnnda Edi^ao. 
8 VO. Lisboa 1880. A Tabula de Bronze de Aljustrel. Memoria. 
Por S. P. M. Estacio daVeiga. 4to. Lisboa 1880. Don Pedro 
Calderon de la Barca. Por J. S. Bibeiro. 8vo. Lisboa 1881. 
Hoticias Ultramarinas. Tomo lY. 4to. Lisboa 1826. 

The Academy. 

London:—British Museum. Lepidoptera Heterocera. Part Y. 4to. 
London 1881. Catalogue of Birds. Yol. Y. 8vo. London 
1881. The Museum 

Chemical Society. Journal. Hos. 218-223. And Supplementary 
Number, 8vo. London 1880-81. The Society. 

Institution of Mechanical Engineers. Proceedings. 1881. No. 1. 
Library Catalogue, May 1881. Subject Index of Papers in the 
Proceedings. 1847-80. 8vo. London 1881. The Institution. 
Linnean Society. Journal. Botany. Yol. XYIII. No. 112. 8vo. 

London 1881. The Stjciety. 

London Mathematical Society. Proceedings. Nos. 167-9. 8vo. 

The Society. 

National Association for the Promotion of Social Science. 
Sessional Proceedings. Yol. XIY. No. 4. 8vo. Wesimhister 
1881. The Association. 

Pharmaceutical Society. Journal. Third Series. Nos. 550-72. 
8 vo. London 1881. Calendar 1881. 8vo. London 1881. 

The Society. 

Photographic Society. Journal and Transactions. New Series. 
Yol. Y. Nos. 4-8, 8vo. London 1881. List of Members, 1881. 
8 vo. The Society. 

Physical Society. Proceedings. Yol. lY. Part 2. 8vo. London 

1881. The Society. 

Royal Asiatic Society. Journal. Yol. XIII. Part II. 8vo. 

London 1881. The Society. 

Royal Astronomical Society. Monthly Notices. Yol. XLI. 

Nos. 6, 7. 8vo. London 1881. The Society. 

Royal Geographical Society. Proceedings. Yol. III. Nos. 1-6. 

8 vo. London 1881. The Society. 

Royal Institute of British Architects. Transactions. Nos. 11-18. 
Proceedings. Nos. 1-18. 4to. London 1879-81. 

The Institute. 

Royal Institution. Reports of Evening Meetings, Jan. 28, 
March 4,18. April 1, 29. 8vo. London 1881. The Institution. 



Presents, 


501 


T ransactions ( coniimi ed ). 

E/oyal United Service Institution. Journal. Yol. XXIV. Appen¬ 
dix. Yol. XXY. Xo. 109. 8vo. London 1881. 

The Institution. 

Society of Arts. Journal. Yol. XXIX. Nos. 1468-90. 8vo. 

London 1881. The Society. 

Zool<7gical Society. Transactions. Yol. XI, Part 5. 4to. London 
1881. Proceedings. 1881, Parti. 8vo. London. List of Fellows. 
1881. 8vo. London. The Society. 

Mauritius:—Meteorological Society. Synoptic Weather Charts of 
the Indian Ocean for February, 1861. Oblong. The Society. 
Munich:—K. B. Akademie der Wissenschaften Sitzungsherichte. 
Phil.-Hist. Olasse. 1880, Heft. 6. 1881, Heft 1. Math.-Phys. 
Olasse. 1881, Heft. 2. 8vo. Munclmi 1880-81. 

The Academy, 

Kaples: —Zoologische Station. Mittheilungen. Band II. Heft 4. 
Dritter Xachtrag zum Bibliothekskatalog. 8vo. Leipzig 1881. 

The Station. 

Paris:—Academic des Sciences. Comptes Bendus. Tome XCI. 
Nos. 25, 26. XCII. Nos. 1-22, 4to. Paris 1881. 

The Academy. 

lilcole des Mines. Annales. 7e Serie. Tome XIX. Livr. 1. 8vo. 

Paris 1881. The School, 

ficole Normale Superieure. Annales. 2e Serie. Tome X. No. 6. 

4to. Paris 1881. The School. 

Societe d’Encouragement pour ITndustrie Nationale. Bulletin. 
79e Annee. Nos. 76-84. 80e Annee. Nos. 85-88. 4to. Paris 
1880-81. Compte-rendu bi^mensuel. 1880. Nos. 8-18. 1881. 
Nos. 1-10. 8vo. The Society. 

Societe de Greographie. Bulletin. Fevrier, 1881. 8vo. Paris. 

The Society. 

Philadelphia:—Academy of Natural Sciences. Journal. Second 
Series. Yol. YIII. Part 4. 4to. Philadelphia lS74i-Sl. Pro¬ 
ceedings. 1880. Parts 1-3. 8vo. Philadelphia 1880. 

The Academy. 

Franklin Institute. Journal. Yol. CXI. No. 665. 8vo. Phila- 
delphia 1881. . The Institute. 

Piga,;—Societa Toscana di Scienze Natural!. Process! Yerbali. 

Gennaio 9. Marzo 18, 1881. 8vo. The Society. 

Quebec :—Literary and Historical Society. Transactions, 1880-81. 

8 vo. Quebec 1881. The Society. 

Bio de Janeiro :—^Museii Nacional. Archives. Yol. III. 3° e 4® 
Trimestres. 4to. Pio de Janeiro 1878. The Museum. 

Rome:—B. Accademia dei Lincei. Memorie. Scienze Fisiche. 
Seo. 3". Yols. Y-YIII. Scienze Morali. Ser. Yds. lY, Y. 
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4to. Bo 7 na 1880. Transunti. Ser. Vol. V. Ease. 11, 12. 
4 to. Eoma 1881. The Academy. 

H. Comitato G-eologico. Bollettino, 1881. ITo. 3 e 4. 8vo. Roma 

1881. The Society. 

St. Petersburg:—Academie Imperiale des Sciences. Memoires. 
Tome XXYIII. Xos. 1, 2. 4to. St. Retershourg 1880. 

The Academy. 

Stockholm:—K. Yetenskaps Akademie. Ofversigt. 1880. Xos. 

8 “10. 8vo. StocMiohn 1881. The Academy. 

Turin:—P. Accademia delle Soienze. Atti. Yol. XYL Disp. 4. 

8 vo. Torino. The Academy, 

Yenice:—Ateneo Yeneto. Atti. Serie 3. Yol. III. Pnntata 3. 8vo. 
Venezia 1880. The Institution. 

E. Istituto Yeneto. Memorie. Yol. YI, XY (Parte 2), XYI. 
(Parte 2), XYII (Parte 3). 4to. Venezia 1857-72. Atti. 
Serie 4. Tomo II. Disp. 3-10. 8vo. Venezia 1872-3. 

The Institution. 

Yienna:—Anthropologische Gesellschaft. Mittheilungen. BandX. 
Xr. 10-12. 8vo. Wien 1881. The Society. 

K. K. Geographische Gesellschaft. Mittheilungen, Band XXIII. 

8 vo. Wien 1880. The Society. 

K. K. Geologische Beichsanstalt. Jahrbuch. Band XXXI. Xo. 1. 
8 vo. Wien 1881. Yerhandlungen. Xos. 1-7. 8vo. Wien 1881, 

The Institution. 

Osterreichische Gesellschaft flir Meteorologie. Zeitschrift. Juni, 
1881. 8vo. Wien. The Society. 

Washington:—Smithsonian Institution. Report, 1879. 8yo. Wash¬ 
ington 1880. ’ The Institution. 

Wurzburg :—Physikalisch-Medicinische Gesellschaft. Yerhand¬ 
lungen. Xeue Polge. Bd. XY. Heft 3, 4. 8vo. Wurzhurg 1881. 

The Society, 


Observations and Reports. 

Brussels;—Commission de la Carte Geologique. Leve de la Blan¬ 
chette de Kermpt (Bolderberg). Carte et Texte Explicatif. 
Bruxelles 1881. . The Commission. 

Observatoire Royal. Annales Astronomiques. Xouvelle S4rie. 
Tome III. Annales Meteorologiques, 2me Serie. Tome I. 4to. 
Bruxelles 1880-81. Aiinuaire. 1880, 1881. 12mo. Bruxelles 
1879-80. The Observatory. 

Christiania :—Den Xorske Xordhavs-Expedition 1876-78, General 
Report. Zpologi. Eiske ved Robert Collett. Chemi, I—III. af 
Hercules. Tornoe. 4to. Ghristimia 1880. 

The Publishing Committee. 
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Observations, &c. (oontimied). 

Dublin :—General Eegister Office. Weekly E-eturn of Births and 
Deaths in Dublin, &c. Yol. XVITI. Xos. 1-23. Quarterly Ee- 
turn. Xo. 69. 8vo. Bullin 1881. 

The Eegistrar-General for Ireland. 

Greenwich.:—^Eoyal Observatory. Eeport of the Astronomer Royal 
to the Board of Visitors. 1881. 4to. The Observatory. 

London:—Local Government Board. London Water Supply. Re¬ 
ports Xos. 3-5. 4to. London 1881. Report on the Recent 
Progress of Levantine Plague. 8vo. London 1881. The Board. 
Meteorological Office. Hourly Readings. Jan. to March, 1880. 
folio. Weekly Weather Reports. June, 1880, to June, 1881. 
folio. The Office* 

Royal Mint. Annual Report of the Deputy-Master, 1880. 8vo. 
London 1881. The Deputy-Master. 

Melbourne:—Observatory. Monthly Record, March to Sept., 1880. 
8 vo. Melboime. Report of the Board of Visitors, 1880-81. 
folio. Melbourne. The Observatory. 

Office of the Government Statist. Report on Vital Statistics of 
Melbourne and Suburbs. 1880. folio. 

The Government Statist. 
Department of Mines. Reports of the Mining Surveyors and- 
Registrars. Dec. 81,1880. folio. Melbourne. The Department. 

Paris:—Bureau International des PoiOs et Mesures. Travaux et 
Memoires. Tome I. 4to. Paris 1881. The Bureau, 

Secretariat General. Bulletin Recapitulatif de Statistique Muni- 
cipale. Ann4e 1879. 4to. Paris. M. le Prefet de la Seine. 

Prague:—K. K. Sternwarte. Beobachtungen, 1880. 4to. Prag. 

The Observatory. 

Rome:—Pontificia HniversitS* Gregoriana. Bulletino Meteorolo- 
gico. Vol. XIX. Xos. 1-9,11,12. 4to. Poma 1879. 

The University. 

St. Louis :—^Magnetic Variation in Missouri. 1880. 1881. Two 
small charts. P. E. Xipher. 

San Pernando:—Institute y Observatorio de Marina. Anales. 
Seccion 2^ 1877-78. 4to. San Pernando. 1878-79. 4to. San 
Pernando 1878-79. The Observatory. 

Stockholm:—Observatorium. Astronomiska lattagelser ooh Un- 
dersokningar. Bandet la. Haftet 2, 4to. StocJcholm 1880. 

The Observatory. 

Vienna:—K. K. Sternwarte. Annalen. Polge 3. Band XXIX. 
8 vo. Wien 1880. The Observatory. 

Washington:—U. S. Entomological Commission. Report relating 
to the Rocky Mountain Locust, &c. 8vo. Washington 1880. 

The Commission. 
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Reports, Observations, &c. 

"Wiltskire:—Wiltshire Rainfall. 1880. 4to. Marlhorough 

The Rev. T. A. Preston. 
Zi-ka-wei:—Observatoire. Bulletin Mensuel. Tome VII. Nos. 75. 

76, 4to. Zu'ka-ioei 1880. The Observatory. 

Zurich:—Meteorologische Centralanstalt der Schweizerischen Natur- 
forschenden Gesellschaft. Schweizerische Meteorologische Beo- 
bachtungen. Jahrg. XY. Titel u, Beilagen, Jahrg. XVI. 
Lief, 5-7. Jahrg. XVII. Lief. 1-4. 4to. The Society. 


Journals. 

American Journal of Otology. Vol. III. No, 2. 8vo. New Yorlc 
1881. The Editors. 

American Journal of Science, Vol. XXI- Nos. 121-126. 8vo. New 
Hamn^ Oonn. 1881. The Editors. 

Analyst. Vol. VI. Nos. 58-63. 8vo. London 1881. The Editors. 
Annalen der Physik und Chemie. Neue Polge. Band X, Heft 2, to 
Band XII, Heffc 5, 8vo. Leipzig 1880-81. u. Beiblatter. 

The Editor. 

Athenaeum. Jan. to June, 1881. 4to. London, Th^ Editor. 

Builder. January to June, 1881. Folio. London, The Editor. 
Bulletino di Bibliografia e di Storia. Tomo XIII. April to July, 

1880. 4to. Boma 1880. The Prince Boncompagni. 

Canadian Naturalist. New Series. Vol. IX. Nos. 5-8. Vol. X^ 

No, 1. 8vo. Montreal. The Editor. 

Chemical News. Nos. 1100-1124. 8vo. London The Editor. 

Educational Times. Vol. XXXIV. Nos. 237-242. 4to. London 

1881. The Editor. 

Electrician. Vol. VI. Nos. 1-17, 19-26. Vol. VII. Nos. 1-4. 4to. 

London. The Editor. 

Electricien. Tome I. Nos. 1-3. 8vo. Paris 1881. 

W. Spottiswoode, P.R.S, 
Horological Journal. Vol. XXIII. Nos. 269-274. 8vo. London 
1881. The Editor, 

Indian Antiquary. Vol. X. Parts 114-119. 4to. Bombay 1880-81. 

The Editor. 

Journal of Science. Vol. III. Nos. 85-90. 8vo. London 1881. 

The Editor. 

Mondes (Les). Tome LIV. Nos. 1-17. Tome LV. Nos. 1-4. 8vo. 

Paris 1881. M. L’Abb6 Moigno. 

Nature. January to June, 1881. 8vo. London 1881. The Editor 

New York -Medical Journal. January to June, 1881. 8vo. New 
York. The Editor. 
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Journals {continued), 

I^otes and Queries. January to June, 1881. 4to. London 1881. 

The Editor. 

Observatory. January to June. 8vo. LondonlSSl. The Editor. 
Revue Politique et Litteraire. January to June 1881. 4to. 

M. Le Directeur. 

Revue Scientifique. January to June, 1881. 4to. M. Breguet. 

Scientific Roll. Part I. No. 3. 8vo. London 1881. 

A. Ramsay, F.G.S, 

Symons’s MontUy Meteorological Magazine. January to May, 
1881. The Editor. 

Telegraphic Journal. January to June, 1881. 8vo. London ISSl, 

The Editor. 

Yan Nostrand’s Engineering Magazine, Nos. 145-150. 8vo. New 
Yorh 1881. The Editor. 


Bellesme (Jousset de) Recherches Experimentales sur la Phos¬ 
phorescence du Lampyre. 8vo. Laris 1880. The Author. 

Bevan (0. Phillips) Statistical Atlas. Parts 2~5. folio. London 
1881. The Publishers. 

Blanford (H. E.), P.R.S. On the Diurnal Variation of the 
Barometer at Indian Stations. Part 1. 4to. Erlauterung einiger 
Punkte einer fruheren Abhandlung fiber die Yariationen des 
Lnftdruckes, &c. Royal 8vo. The Indian Monsoon Rains. 8vo. 
Allahabad. And three papers from the Journal of the Asiatic 
Society of Bengal. The Author. 

Broeck (E. Yan Den) Memoire sur les Phenomenes d’alteration des 
Depots Superficiels par I’infiltration des Eaux Meteoriques etudies 
dans leurs rapports aveo la Geologie Stratigraphique. 4to. 
Bruxelles 1881. The Author. 

Brown (J. T.) Apparatus, Past and Present. Sheet 3. Regulators. 

The Compiler. 

Carruthers (Rev. G. T.) A Theory Concerning Sun Spots. 8vo. 
BoorJcee. The Inverse Distances of the Planets. "Svo. Boorhee. 

The Author. 

Cunningham (Captain Allan), R.E. Roorkee Hydraulic Experi¬ 
ments. 3 vols. S^'o. BoorJcee 1880-81. The India Office. 

Daubree (A.) Examen Mineralogique et Chimique de Materiaux 
provenant de quelques forts Yitrifids de la Prance. Conclusions 
qui en resultent. 8vo. Paris 1881. The Author. 

Delaurier (E.) De TUnite de la Matiere. 8vo. Paris 1881. 

The Author. 

Dewalque (G.) Sur rUniformite de la Langue Geologique* 8vo, 
Liege 1880, 'hhe Author. 
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Problemi. V. 4to. Torino l»7y. • o 

Hir. (G. A.) E^licalio. d’» 

Hop^.'(“ta) T™tj-»i.epap»A 1870-80. *>“ 

lli, (GenJd) A Ptefa«. to, wilt litttota from, » 

B 62 ’iniiiiisrs. Bvo. Loudon. 

MeBBbrugghe (M. Yan der) Voyages et Metamorplioses d une 
Goalbelette d’Eau. 8ro. Bruxelles 1S80. Sur TApph^tion du 
Second Principe de Thermodynamiqne anx Variations d Energie 
Potentielle des Surfaces Liquides. 8vo Bruxelles 1880. Du 
E61e de la Surface Libre de I’Eau dans I’^lconomie de^la Natoe. 

8vo. Paris. , . t ^ t ' 

Mueller (Baron E. Ton) Plants of Nortb-Western 

Pettersen (Karl) Lofoten og Vesteraalen. 8yo. 

Plateau (P.) and V. Lienard. Observations sur rAnatomie de 
I’ElepbaInt d’Afrique (Loxodm Africanus) Adulte. 

Eusslu a. Scott), F.R.S. On the true nature of the Waje of 
Trailation. 4to. London. (2 copies.) On Storm-Stability as 
distinguished from Smooth-Water Stifiness. 8vo. 

SapoXT©. de), and A. P. Marion. L’fivolution du Eegne 

Lea Cryptogames. 8vo. Baris 1881. An or. 

Schmidt (Carl) Boden- und Wasser-tTntersuchnngen aus dem 
Ferghana- und Ssyr-Darja-Oebiete. 4to. St. 

Scully (Dr. J.) Meteorological and Hypsometrical “ 

Western Tibet; with a Discussion by H. ,?• ^*2' 

IGalcutta 1876.] H. F. Blanford, P.EB. 

Stone (B. J.), F.B.S. Cape Catalogue of 12,441 Stars for 1880. 

t j 10 Q 1 The Admiralty. 

4to. London Iboi. , , , t • r 

Trois (E. Eilippo) Contribuzione alio Studio del Sistema Lmfa 

. dei Teleostei. Part IIL Nos. 1 and 2. 8vo. Veneda 1881. 

The Anthor. 

Wagener (G.) On a new Seismometer, with Summary of Observ^ 

tions, by B. Knipping. folio. ^ ht co io 

Wolf (Eudolf) Astronomische Mittheilungen. No. bi. 

Woolhouse (W. S. B.) On the Adjustment of Mortality Tables. A 
Sequel. 8vo. London. Measures, Weights, and Moneys of ah 
Nations. Sixth Edition. 12mo. London 1881. The Author 



On Gravimeters. 


507 


“ On Gravimeters ; with special reference to a Torsion Gravi- 
meter, designed by the late J. Allan Broun, F.B.SBy 
Major J. Hersohel, R.E., F.R.S., Deputy Superintendent of 
the Survey of India. Received October 31, 1880. Read 
January 20, 1881. 

[Plates 8, 9.] 

The present paper consists mainly of two parts, of which the second 
is the earlier, the first having been afterwards prepared as a historical 
introduction. 

In August last a letter was addressed by Major-General J. T. Walker, 
R.E., O.B., F.R.S., Surveyor-General of India, to the Director-General 
of Stores for the Indian Government, enclosing copy of a letter from 
the late Mr. Broun on the subject of his gravimeter. The object of 
General Walker’s letter was to trace, if possible, the instrument in 
question, and to secure it for the Indian Government. It was also 
suggested that I might be able to judge of its efficiency. I also received 
a communication to the same efiect, and in consequence offered my 
services. 

On enquiry it appeared that the gravimeter had become the property 
of the Royal Society. The loan of it was obtained and I was requested 
to call and see it. It was then arranged that I should take the instru¬ 
ment and report upon its capabilities at greater leisure than was 
possible at the India Office. 

The gravimeter is an instrument obviously requiring very careful 
manipulation, and as I was not for some time after it came into my 
hands in possession of any description of its intended use, the exami¬ 
nation was attended with anxiety as well as difficulty. It occupied 
me for three weeks, during which time I was in constant fear lest some 
awkwardness should prevent my returning it uninjured. I purposely, 
therefore, wrote what I learnt about it from day to day; and this will 
perhaps excuse the length of my report, which was eventually sub¬ 
mitted to the authority from whom I received the instrument.* 

The course of the examination necessarily led to my becoming 
acquainted with the subject in several w'ays, but the narrative form 
and the immediate object of the report precluded any discussion. 
There appeared nevertheless to be sufficient in the study of the instru¬ 
ment itself, and especially of its dimensions and the weights of its 
parts, to justify a desire for publication. I accordingly solicited per¬ 
mission to communicate the report to the Royal Society, the owner of 
the instrument. This having been granted, it then seemed permissible 
to preface the report by a sketch of some of the circumstances bearing 
on the question of priority of invention, and other matters in con- 

2 0 2 
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Major J. Herschel. 

nexion witli tlie theory of the torsion gravimeter, together with remarks 
upon other forms of gravimeter. This now appears as Part I of the 
present paper. 

So far as I was aware, the theory of the torsion gravimeter had not 
been published. In considering it, I was led to think that in some 
respects it involved peculiarities which might be taken advantage of 
to simplify the design. In anticipation of the present publication, 
therefore, I communicated to the Society a notice of a design to that 
effect, which was read on the 9th December, 1880, and appears in the 
“ Proceedings (vol, 31, pp. 141-146). 

Although, therefore, it precedes the present communication in that 
respect, it will be unclei'stood to have grown out of the examination of 
Broun’s instrument, to which I am indebted for the means of judging 
of its'feasibility. 

I. H'isforical Remew of Frojoosals or Designs for a Gravimeter, 

It is hardly necessary to describe at much length the object of 
instruments of this class. They aim at determining statically that 
which the differential pendulum has been had recoui’se to, ever since 
the days of Graham and of Bouguer, to determine dynamically^ the 
variation of gravity at different times or places. The principle indeed 
is so obvious that when we recognise the fact that hitherto nothing 
has been effected which can be regarded as establishing a rivalry in 
practice, we also perceive that the interest of any historical review 
must centre in what it can teach as to the causes of the absence of any 
practical competition. Por this we must first learn what forms have 
been proposed. 

It would be hard to say to whom should be ascribed the credit of 
fi.rst suggesting the statical method. It would seem as if its theoretical 
possibility must have Jong been perceived. But probably no clearer 
enunciation of the principle is to be found than that which appeared in 
the first, as in all later, editions of the “ Outlines of Astronomy ” 
(x4.rt. 234), first published in 1833.** So far as I know, what was there 
proposed, divested as it purposely was of everything which could 
confuse the principle to be illustrated, had never been experimentally 
tried. To understand it, a single glance at the drawing, representing 
a weight suspended by a coiled spring, its lower surface grazing the 
base of the supporting frame, should sufEice. The supposed variation 
of gi-avity is intended to be balanced by the addition or removal of 
small subsidiary weights, the proportion of which to the principal 
weight will measure the relative variation. The only doubts which 
arise at once in considering such an instrument have reference to the 
means of exactly determining the contact and to the constancy of the 


* Art. 189 in the first four editions. 
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spring. These evidently are the points towards which later improve¬ 
ments may he expected to he directed. 

The elasticity of such a coiled spring partakes, I believe, of two 
characters. It would depend very much upon the jpitch of the coil 
whether the elasticity would he chiefly that of heading or of torsion. 
If, as I suppose, these are not the same, there is to some extent a 
change of principle in leaving the coil, and adopting tlie straight sus¬ 
pending wire, the resistance to torsion of which is substituted (in the 
next form) for the resistance to extension of the coil as above. With 
a view to meeting one of the two difficulties mentioned, it might 
become a question whether the required constancy would be more 
attainable in the one direction or in the other. The modifications of 
design which actually occurred, however, do not appear to have arisen 
from considerations of this nature; but were aimed at securing greater 
facility, constancy of resistance being assumed. 

About the year 1860 two inventors devoted their attention indepen¬ 
dently to methods of statical gravimetry. In each case we have 
means of perceiving the growth and modification of their ideas, and 
it must be regarded as a curious coincidence that they arrived at a 
nearly identical result. One of them eventually designed, and caused 
to be constructed, an instrument which is the occasion of this paper. 
The other, so far as I have been able to learn, did not give practical 
effect to his conceptions in the shape of a finished instrument; at 
least he has not published any account of observations. 

The remarkable similarity which undoubtedly exists between the 
gravimeter as made under Mr. Broun’s instructions and that which 
was proposed by M. Babinet, has naturally raised the question of 
priority. In a letter written by the former to General Walker, 
Mr. Broun expresses himself in a way to show that he can with diffi¬ 
culty divest himself of the idea that M. Babinet had been led to his 
design by more or less indirect cognizance of what Mr. Broun had 
published or communicated orally to mutual acquaintances. As it 
happens that I have access to correspondence bearing on the subject, 
1 have looked into it somewhat closely, and think it not undesirable 
to publish some of the letters written by M. Babinet to my father at 
the time when he was busied about it. 

The earliest publication on the subject occurs in the “ Proceedings 
of the Royal Society of Edinburgh ” lor 1861, in which (pp. 411-412, 
February 4) Broun describes a machine, in course of construction, 
for the purpose of measuring small changes of gravity by the 
balancing of a bifilar disturbance by a liair spring placed below the 
suspended weight. 

In February, 1863, appeared Babinet’s design,* in which a similar 
* Comptes Rendus,” Ivi, 1863, pp. 244-248 ; and “ Cosmos,” 1863, pp. L'7'7~181. 
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disturbance is balanced by the torsion of a single wire. This was 
followed immediately by a reclamation by Principal Forbes, on behalf 
of Broun (absent in India), drawing attention to the prior publication, 
and saying that the new design ia practically identical with that 
already published. In May of the same year appeared a letter from 
Broun to the Editors of the “Philosophical Magazine,” enclosing 
translation of a letter from himself to the Perpetual Secretary of the 
Paris Academy of Sciences, the object of which is likewise to claim 
priority of invention. He refers to his paper in the Edinburgh 
“ Proceedings ” in proof. The whole question turns, I think, on this 
sentence:—“We found, however, that the spring, like the balance¬ 
spring of a watch, employed under the weight, acted badly, and I 
substituted a simple gold wire in the same year” [1861]. Compare 
this with the statement in the letter of 18?!), where he says 
“ Babinet’s proposal was for the same instrument exactly, and it was 
published more than two years after mine, and after, indeed, I had 
described the instrument to different persons in Paris.” It is clear 
that Broun did not perceive that there was a real difference between 
the two forms in which the elasticity of metal was opposed to the 
force of gravity, and that he had published nothing regarding his use 
of the torsion wire at the time of BabinePs design. It was only 
towards the close of 1861, at the earliest, that Broun introduced the 
gold wire in plane of the spring, and as the letters which I shall give 
prove Babinet to have been working out the same idea early in 1862, 
there is no doubt some show of reason in Broun’s complaint, when he 
says (as he does in his letter of 1863) that not only was his instru¬ 
ment seen by many persons in Adie’s shop in 1861, but that the gold 
wire which he substituted was actually recommended and supplied by 
a Parisian artist, Btill I think it impossible to read the following 
letter, and retain any suspicion that Babinet was conscious of having 
borrowed the principal part of his design from another. The letter is 
interesting enough in itself, apart from this question. 

“ Paris, ce 3 Pevrier, 1862. 

“ Sur la Mesure statigue de la Fesanteur, 

“ Monsieur et illustbe Confb^iee, 

“ C’est une des plus importantes idees qui aient ete emises pour la 
connaissance de notre globe que celle de la mesure statique de la 
pesanteur. Je crois avoir resolu le problems pratique apres d’innom- 
brablos essais et bien des annees de reflexion. Ce qui distingue 
surtout ma methode, c’est le fractionnement de la pesanteur, de 
maniere a equilibrer Teffet d’un poids considerable par la torsion d’un 
fil metallique de force moyeniie et restant dans les limites de Telas- 
ticite parfaite. En effet je reduis le poids a de sa valeur au 
moyen du pendule bifilaire. 
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la bonte d’examiner rinstrament que je propose, de m’in- 
diquer des corrections, et je le ferai construire de suite. Des que 
j’anrai votre reponse, je communiquerai ce travail a Flnstitut en j 
mettant pour introduction un precis de ce qui est au No. 23 des 
* Outlines of Astronomy.’ 

“ II n’y a dans mon appareil, ni point de depart oblige, ni mesure 
d’angles, ni loi supposee pour I’^lasticite, ni permanence exigee, ni 
mesures de longueur, ni inertie de depart a vaincre, ni difficulte 
d’etablissement on de transport, ni mesures de temps—is not 
laborious, tedious, and expensive; ’ la temperature n’a pas le temps 
de changer pendant la courte duree de 1’experience, ce qui repond a 
votre condition d’ex^pedition. 

“ L’effet de la temperature (if any) pent etre facilement etudie au 
prealable et pris en compte. 



“ ho et ad sont deux fils metalHques tres fins et sensiblement sans 
torsion (d’ailleurs leur torsion pour un angle constant s’ajouterait sans 
inconv4nient a la force directrice du bifilaire). he et ad ont un metre 
de longueur ou 1,000 millims., ah et do ont 10 millims.: en sorte quo 
la distance de a et de 6 au point milieu i ou s’attacbe le fil de torsion 
fi est de 5 millims. Soit millims. 




























512 


Major J. Herschel. 


‘‘La tige horizontale inferienre ah du Hfilaire porte an poids 
d’environ 1 kilo.=1,000 grms., en j comprenant le poid additionel 
p qu.’oii doit ajouter an poids P dans nn petit plateau attache au 
dessons de P. 

“ Si P est le poids qne porte un pendule bifilaire, on sait qn’etant 
ecarte de sa position de repos d’un angle il tend a y revenir avec 
Tine force— 

p2 sin a A/ 1—4-^ sin^ 


(Si a et Z sont du m^me metal, la chaleur ne trouble point la force 
directrice du bifilaire, puisqu’elle depend unique de ^). a etant egal 

V 


a 5 millims., et Z a 1,000 millims., la force directrice du bifilaire n’est 
qu’une fraction, savoir y^Vo ^u de sa grandeur naturelle. Du 
reste on verra tout-^-l’lieure qu’il n’est besoin de mesurer ni a ni Z. 

“ Supposons la tige superieure do du bifilaire d6viee de 90°. Alors, 
le poids P etant de 1,000 grms., la force directrice du bifilaire pour 
a=90°, sera k peu pres ^^.1,000 grs.=6 grms. On equilibre 
cette force directrice horizontale par une torsion de 180°. que Ton- 
donne au fil m4tallique fi attach^ en haut k la piece tournanfce P et en 
bas au point i milieu de ab. La tringle superieure dc du bifilaire tient 
aussi ^ une autre piece rotative faisant partie de R et qui permet de 
tourner cd de 90°. Ces deux pieces de B tournent Tune dans Tautre, k 
Tordinaire. 

“ La lunette inf4rieure, llT, a des fils microm4triques qui vont se 
mirer en m sur un petit miroir vertical fixe au poids P, En ramenant 
rimage de ces fils k la coincidence avec les fils eux-m^mes, comme 
dans le points nadiral, on ramene la direction ah de la partie 
inferienre du bifilaire k sa position primitive. De m^me, des miroirs 
attaches aux parties tournantes en B, et r6gl4s sur la lunette Q, 
assurent des rotations connnes pour le haut du bifilaire do et pour le 
fil de torsion /Z. Voici maintenant reparation complete:— 

“ L’appareil etant cal4 par ses niveaux, et bien stable, j’amene le 
bifilaire dans la position pu I’image des fils de la lunette N coincide 
exactement avec ses fils. A oe moment un petit miroir vertical fixe 
lat4ralement a la piece qui en B donne le mouvement de rotation au 
bifilaire, ce petit miroir, dis-je, renvoie la partie inferienre des fils de 
la lunette Q sur eux-memes; et de plus un autre petit miroir pared, 
fix6 au-dessus du precedent a la piece qui donne la rotation au fil 
m4tallique/i, renvoie dans la partie superieure du champ de la lunette 
Q rimage de la moiti6 superieure des fils de cette lunette sur ses fils 
eux-m^mes. 

“ Tout etant ainsi regI4:— 

“ Je fais tourner de 90° la piece qui guide la tige supdrieure dc du 
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bifilaire, ce que ron obtient an moyen d’lin second petit miroir vertical 
fixe lateralement snr cette piece et ^ 90® azimutb-alement du premier. 
Ce miroir est amene a remplacer le premier miroir de la m^me piece 
pour le renvoi des rayons dans la lunette Q, et la rotation de do est 
alors de 90®. 

“ La piece tournante a laquelle est fix4e Textremite superieure / du fil 
de torsion a aussi un second petit miroir vertical qui fait azimutbale- 
ment avec le premier miroir de cette piece un angle egal a trois fois 
90®, et en tordant par son moyen le fil fi de trois fois 90° en sens con- 
traire du mouvement donne k dc don bifilaire, la torsion de fi restera 
en definitive une torsion de 180° quand sa direction ah du bifilaire 
aura repris sa position primitive. 

“ Soit P le poids fixe du bifilaire (y compris a, 5, &c.). On ramenera 
ah 4 sa position primitive au moyen d’un petit poids additionnel p* 
Alors la pesanteur locale^ agissant sur une masse P+_p, par I’inter- 
mediaire du bifilaire equilibre la torsion de 180° du fil metallique fi. 
Si dans une autre latitude il faut P pour equilibrer la meme tor¬ 
sion, les intensites de la pesanteur dans les deux localites seront entre 
elles comme P+p est a P-hp’. 

******** 

“ Pour Y o ^ -^ est reclame dans I’article des ' Outlines ’) voyons 
I’effet produit par un poids de 0*1 gr., ajoute k un poids de 1,000 grs. 
Ce poids de 1,000 grs. 6quivaut dans le bifilaii’e a 5 grs., et un poids 

de 0-1 gr. ^quivaudra a O=.j^\^=0-0005 gr. 

“ Mais 5 grms. sont equilibres par une torsion de 90° [180°] du fil/^*. 
Done 1 gr. correspondrait a une torsion de 36°, ou bien de 129,600'". 
Alors O’OOl repond a une torsion de 129"*6, et ^o uo correspond 
k la moiti6 de ce nombre; mais comme le mouvement du miroir double 
le deplacement de Timage, il restera un deplacement de 129"'6 (un pen 
plus de 2") pour y q-^q - o - variation dans la pesanteur. Si la lunette 
N a un peu plus de 30 centims., le deplacement de I’image des fils sera 
de \ millim. 

“ Nota .—11 faudra prendre la position de ah ramene a sa position 
primitive en faisant osciller ah pour eviter les adberences de depart. 

Voyez, jugez, et surtout conseillez; votre avis sera suivi. Je finis 
par ces mots des ‘ Outlines’: ‘The great advantages . . . render 

the attempt well worth making,’ 

“ J’ai rhonneur, &c., 

^BABINET. 

“A Sir John Hbrsohel. 

“ p.g.—Il faut que je me hibte de publier ce que j’ai trouve, car k 69 
ans ce serait vraiment ^tre trop exigeant envers la bonne providence 
que de lui demander encore indefiniment du temps pour rempUr la 
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tfiolie qu’il lui a plu de m’assigner. Vous avez 4te plus sage, pour le 
grand bien de la science. Moi, je puis malheureusement me dire, 

“ ‘ Cras vives! liodi^ jam vivere, Postliume, scrum est. 

Ille sapit quisquis, Postlmme, vixit heri.’— Martial/’ 

I have also seen a copy of the reply to this letter. It is needless to 
say that it was full of approval, and only made some suggestions, 
which were at once adopted or accepted. There was no mention of 
any other form of gravimeter having been proposed in England. I 
need not transcribe from the subsequent letters; until, on the 15tli 
February, a year later, Babinet again writes :— 

‘‘ M. Le Verrier me presse de terminer notre balance gravimetrique. 
Je ne veux pas commencer imprudemment avant d’avdir votre ulti¬ 
matum d’approbation.’’ 

Here follows a resume of the principles involved in the design, as to 
which I need only remark that the elasticity of the suspending wires 
is not taken into account, nor is the necessary e:ffect of this elasticity 
upon the balance in any way referred to. 

“ L’appareil sera 4tabli etessayesil’Observatoire Imperial de Paris, 
puis essaye dans les latitudes voisines. Je serai heureux si cette 
mesure de la gravity et les deplacements n4oessaires qu’elles entrainera 
me fournissent Toccasion de vous voir en Angleterre.’* 

The letter then passes on to other matters—a new plan for measur¬ 
ing aberration by means of gratings—and only returns to the gravi¬ 
meter at the close. 

“ J'aurais encore attendu k vous parler de ceci sans la circonstance de 
notre balance gravimetrique. Bn cas de succes de cette balance 
pourriez-vous, vous ou quelqu’un des votres, vous charger des stations 
du Royaume Uni ? II faudraib au moins une mesure de gravite pour 
chaque degre carre de surface. 

^'Nota. —Sit6t apres votre reponse on se mettra k Toeuvre pour 
Fappareil gravimetrique, 

“ Recevez, <&c., 

“BABINET.’’ 

The paper in the “ Comptes Rendus ” (Ivi, pp. 244—248) was read 
on February 9, 1863, or a week earlier than the date of this last letter, 
which therefore appears to have resulted from the approval with which 
the paper was received at the reading. The published account adds 
little to what the letters tell—on the contrary—which is partly my 
reason for transcribing them. It is noticeable that there is from first 
to last no mention of any prior attempt in the same field. 
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I have endeavoured to ascertain, by enquiry from a gentleman who 
was associated with. Babinet in physical researches of this nature, 
whether the instrument was ever constructed; but I do not gather 
from the reply that such was the case. It would seem as if there was 
too much uncertainty as to the constancy of the force relied upon in 
torsion. 

The original paper communicated by Broun to the Royal Society of 
Edinburgh follows immediately upon two others by the same author, 
in one of which the theory of the bifilar magnetometer is considered, 
and mention, is there made of the elasticity of the suspending wires. 
Their effect is considered to be of little importance. The effect of 
temperature in modifying the elasticity is also alluded to. We cannot 
therefore suppose Mr. Broun to have disregarded these considerations 
altogether. It is perhaps the more remarkable that he has left no 
indication of being alive to the really interesting balance which 
occurs in his instrument, and which must equally have occurred, and 
can hardly have escaped his notice, in the former one. 

In his letter, above referred to, he speaks of his gravimeter as if 
the instrument ultimately perfected was substantially the same as the 
one described in 1861. But, as I have had occasion to point out, it 
differs in one respect which I cannot but consider important—^the 
difference between a spiral balance spring and a twisted wire. It is 
to be regretted that we are not in possession of any information as to 
the reasons which induced him to discard the one in favour of the 
other. In any case, the change is distinctly a part of the history of 
the invention. The next step was the construction of the instrument 
as mentioned in his letter; and then its exhibition and description by 
himself in the Catalogue of the Loan Collection of Scientific Instru¬ 
ments at the South Kensington Museum, where, he tells us sugges¬ 
tively, it was shown alongside of Mr. Siemens’ bathometer. We 
may now turn our attention to this last. 

My knowledge of the bathometer designed by Dr, 0. W. Siemens 
is confined to the account given of it in the “ Philosophical Trans¬ 
actions ” for 1876, and I should not presume to examine it were it 
not necessary to do so for the purpose of this review. Dr. Siemens, 
it is true, regards it, in the introductory passages of that paper, as 
having a different sphere of action; but, on a careful consideration of 
the principles—so far as I understand them—of its construction, it 
appears to me to belong decidedly to the class of instrument, whatever 
we may call them, typified by the one already mentioned as described 
in the “ Outlines of Astronomy.” The special purposes for which in 
has been designated, and the actual uses to which it has been put, do 
not of themselves preclude it from being set to the more general pur¬ 
poses and uses of a gravimeter. 

Reference is made in the cited paper to another form of instrument 
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constructed by tbe author in (or about) the year 1859, which, how¬ 
ever, was abandoned, although it enabled him “ to predict approxi¬ 
mately the depth that would be found on the use of the sounding 
line.” In this instrument the specific gravity of mercury would seem 
to have been measured by determining the column necessary to 
balance the pressure of a fixed quantity of confined air. The rise of 
the surface under a change of gravity was magnified by a lighter 
supernatant liquid being forced up a narrow tube. The principle, in 
this case, is analogous to the former typical one only if we regard the 
compressed air as acting the part of a spring. It is obviously 
dependent on the possibility of guarding against, or exactly allowing 
for, the change of elasticity with temperature—in this, too, being 
analogous to the typical form. It was sought to meet this very 
serious dif6.oulty by keeping the air at the temperature of melting ice. 
There is another method—perhaps not less diflicult to practise 
successfully; that, namely, of selecting three (or preferably four) 
more accessible temperatures, and so experimenting at these that in 
the long run the actual observations shall supply a constantly accu¬ 
mulating body of evidence as to the requisite factor, as well as two or 
more actual data in each case from which to infer w'hat is required. 
But it might turn out after all that the uncertainby must remain 
greater than the variation to be measured. The possibility of such a 
result militates strongly against methods involving large corrections. 
But, perhaps, least of all in cases such as this where the whole 
instrument may be immersed without injury. It then becomes 
chiefly a thermometric question. 

In the bathometer, on the contrary, which superseded the one just 
mentioned, “ changes of temperature are entirely eliminated from the 
result,” at least in theory. In practice such a thing would perhaps 
be hardly possible ; but in any case residual eficcts may be regarded 
as subjects for ultimate consideration. I will now endeavour to con¬ 
dense a description of this instrument, so as to assign it a place in the 
present category. 

There are two spiral steel springs which, in the drawing of the 
smaller of two instruments, are about 16 inches long and rather more 
than one in diameter. The lower ends are attached to a cross-bar 
which is to bear the intended weight. This weight is that of a 
column of mercury resting upon a certain surface to be presently 
described. There is an arrangement for maintaining the height of 
the column constant. I am not sure that I understand how this 
works; but supposing it effective, the weight upon the cross-bar must 
depend upon the area pressed by the mercury; and if this also is 
constant we have in effect the same principle as in the gravimeter 
depicted in the “ Outlines.” 

The mercury is contained in a vertical steel tube having cup- shaped 
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enlargements above and below. The lower end is closed by a flexible 
corrugated steel plate, which has a solid central disk, by which the 
pressure on the plate is transferred to the cross-bar. When this 
plate is horizontal, the mercury presses equally on every part; but it 
is clear that the whole of the pressure is not borne by the cross-bar. 
In fact, it would only by trial be possible to ascertain what weight is 
borne by the springs. Any change in the position of the disk must 
alter the curvature of the plate, and with it the proportion of the 
weight borne by the springs and by the rim of the cup—^irrespective 
of any change in the height of the column. The diameter of the 
steel tube would seem to be adjusted so as to cause a proper change in 
the level of the upper surface, when the bulk of the mercury is 
affected by change of temperature. I am not quite sure that, in 
presence of these several causes of variation, the principle of con¬ 
stancy of weight on the springs can be said to be retained. 

Alterations of position of the disk are read by means of a micro¬ 
meter below the cross-bar. It seems clear that the desired indications 
must be obtained from the readings of this contact micrometer, and 
some curiosity may be experienced as to the manner of interpreting 
its readings. On this point the author says:—“ It would be difflcult 
to determine the actual scale of the instrument d priori ; and I there¬ 
fore adopted the easier and safer method of relying for its final 
adjustment upon the result of actual working.’’ 

If it were possible to ascertain, with some approach to certainty, 
the weight borne by the springs in some particular position of tho 
diaphragm and cross-bar (to be called the zero position) the instru¬ 
ment might be used, on the principle of the simple gravimeter, by 
ascertaining what iveigJit upon the cross-bar would be necessary, under 
a diminished gravity, to bring it again to this zero position—tempera¬ 
ture being the same. This, however, is not what is intended in this 
form of instrument. 

The subject of compensation for temperature receives considerable 
attention. This, indeed, is very necessary, when we remember the 
sensitiveness of spiings to heat. The author gives, as the result of 
experiment upon these springs, a factor of variation which appears to 
be for each degree Centigrade. The importance of temperature 
in such case will be better understood if we consider that at this rate 
it would need but 21° 0. to effect as great a change in the elastic 
force, as transference from equator to pole would effect in gravity. 
Change of temperature has here, it would seem, an effect twelve 
times as great as it has in the case of the pendulum. Certainly there 
is room for compensation; and Dr. Siemens obtains it, to some extent, 
by apportioning the diameter of the vertical tube to the cups. It is 
not necessary, for the present purpose, to consider closely how this 
exercises a compensating effect. It is estimated, by experiment, that 
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the factor is reduced to -g-^Vo-o* seems highly probable, how¬ 
ever, that the residual effect would no longer be a simple function of 
the change of temperature, and might be quite incalculable. 

It is also necessary to consider that the masses of metal concerned 
would probably, except under controlling conditions, cause consider¬ 
able uncertainty in this effect. 

Enough has been said to show that the bathometer, although a 
gravimeter in principle, cannot be regarded a.s likely to prove of ser¬ 
vice in measuring small changes of gravity under different climates. 
Its efficacy as an instrument for measuring sea-depths need not be 
considered here. It may have peculiar properties in that connexion 
which I have not understood; for indeed I may confess a certain 
hesitation in believing that any instrument can do that, by deter¬ 
mining the change of attraction, except under conditions favouring an 
empirically deduced scale. 

There are rumours of other designs for measuring small changes of 
gravity, of quite recent invention, of which I can only say at present 
that it is very much to be hoped that they will serve their intended 
purpose, and that we shall soon be in possession of experimental 
evidence to that effect. 

II. On the Torsion Gravimeter, constructed on the Design of the late 
J. Allan Broun, hj Dr. 0. 8. Muller, of Stuttgart. 

Before entering upon any description of this instrument it may be 
well to explain that the title of this paper is intended to take cogni¬ 
zance of the fact that the designer did not experiment with it or 
improve upon it after it left the maker’s hands, and that consequently 
some portion of the merit, whatever it may prove to be, is due to.the 
appreciation of the design by the latter. Conversely, it is due to the 
designer to recognise that failure of any kind may to some extent be 
attributable to misapprehension on the part of the maker. At the 
same time, it must be said that the workmanship is of a high order, 
and betokens a more than ordinary attention as well as great skill 
and delicacy. Should the instrument justify its existenc.e by its 
ultimate utility, it cannot be denied that it will owe its success, in a 
high degree, to the intelligence of the constructor as well as to the 
genius of the inventor. 

There are two ways of describing a new form of instrument. We 
may either approach it from outside, and learn its functions by con¬ 
sidering its parts, or we may study it with a prior knowledge of its 
intention. The latter method is, perhaps, the best for one to adopt 
who wishes to describe an instrument of his own designing; for he 
cannot fail to indicate truly what design he had. But for one whose 
only knowledge of the functions of an instrument are inferred from 
what he sees, it might be dangerous to presume a full knowledge of 
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the design. I shall, therefore, describe the instrument as I see it, 
■with direct reference to what I conceiTe to be the intention.* 

The gravimeter stands, when set up for use, on a tripod; but it 
might equally be stood upon a table with a bay cut out of the side 
two or three inches deep. In either case it would stand on three ad- 
foot-screws carrying a thick brass foundation plate. Below this 
plate projects what I will call the well and a cathetometer. Above it 
stands the chamber, consisting of two brass plate sides and glass 
plate front and back, besides various clamping and manipulating 
appliances. On the top of the chamber are two cross lev eh, and from 
the centre rises a hollow shaft. 

Measuring from the surface of the foundation plate, the depth of 
the well is about 8;^ inches (26 centims.), and the height of the chamber 
5 |- inches (16 centims.). The shaft stands about 18J inches (47 
centims.) above the plate, or 13 inches above the roof of the chamber. 
The latter is about 2|- inches wide and 2|- inches deep (say 6 centims, 
each way). This general description will suffice to give an idea of the 
framework. More minute descriptions will follow as they become 
necessary. 

Within the chamber are suspended by wires, one below the other, 
two weights, which for distinction I will call the major weight and the 
minor weight. The major weight consists of a brass cubical blocks 
from which rise two lateral rectangular pillars, crossed at top by a 
somewhat slighter bar. The block is perforated vertically by a large 
cylindrical hollow. This major weight is suspended by two parallel 
wires which traverse the shaft; being just visible at its lower end, 
where they enter two small screws on the cross-bar. ■ There are means 
of adjusting both their length and distance apart, above and below- 

The principle here is that of the bifilar torsion balance : if the block 
be turned through any angle less than 180°, its tendency to return is 
(mainly) due to the weight of the mass suspended. This, however, is 
not that of the major weight only; for from the under side of the 
cross-bar hangs a single wire, w'hich, descending through the hollow 
in the block, is attached to and supports the minor weight; hence the 
mass suspended by the double wire is the sum of the masses of the 
two weights. 

The minox’ weight consists of a light frame, which I will call the 
head, and a long thin glass rod or plunger, which descends into the 
well. 

Suppose the major weight turned through an angle 9. When the 
disturbance has subsided and oscillations have been quelled, it will, of 
course, be, found that the minor weight has turned through a like 

* Since report was written, two plates have been drawn to illustrate tbe 
description which foEows. Necessarily there is no direct reference to them in the 
text. 
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angle. The double wires are in a state of torsion, but the single wire 
hangs freely, helping by its tension to increase the tension on the 
double w-ires caused by the major weight, but not itself in a state of 
torsion. IjTow, suppose the minor weight turned round : it will imme¬ 
diately begin to exert through the resistance to torsion, or elasticity, 
of the single wire, a force which will tend to relieve or oppose, accord¬ 
ing to the direction of the new application, the external force which 
keeps the major weight detorted. Suppose the new force applied in 
the same direction, so as to relieve the former. As the torsion of the 
single thread increases—with the increase of the angle through which 
the lower weight is turned—a point is at length reached when it 
exactly relieves the whole of the external force applied to the upper. 
Suppose this to occur when it has turned through an angle 0, i,e.^ 
through an angle d + 0, from the initial position. Then it is clear 
that the force which turned the upper end of the single wire through - 
an angle <9, has been found equal to that which turns its lower end 
through an angle 0, relatively, and ^4*0, absolutely. We have now to 
consider what these forces are. 

Before doing so, it would be advisable to recognise the means pro¬ 
vided for observing these angles. 

In some way, which there are no means of exactly discovering, the 
designer or constructor has ascertained that by a certain apportion¬ 
ment of lengths, weights, and thicknesses, the proportion of 0 to 0 
(which of course is a variable one) can be made 1:3 when 0=90°. 
The result of this is, that when 0+0 amounts to one complete revolu¬ 
tion, 0 alone is one quarter of a revolution. [In this position the re¬ 
sistance of a bifilar suspension is a maximum. I do not know that it 
has any strong advantage except what may turn on that. It is only 
necessary to allude to the fact, to take occasion to add that it is cer¬ 
tainly of no importance, either practically or theoretically, whether 0 
is exactly or only approximately, equal to 90°. We shall see even¬ 
tually that another consideration (perhaps not considered by the in¬ 
ventor) entirely overrides the one mentioned. This by way of 
parenthesis.] 

The head of the minor weight carries a small fiat mirror, which faces 
in the position of rest, as also after one revolution, a horizontal collie 
mator. The block of the major weight carries three similar mirrors, of 
which one is parallel to the former (or may be made so) when in a 
state of ease, and the others become so (under proper conditions) when 
the major weight has been turned to the right or left through one 
quarter of a revolution. These mirrors face the upper half of the 
object-glass of the collimator. A fiducial mark in the focus of the 
latter is seen by reflection from the mirrors when they are perpen¬ 
dicular, or nearly so, to the line of sight. It will be necessary to 
return to this in describing the intended observation. 
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To understand thoronghly tlie conditions of equilibrium we must 
now study in detail tbe counteracting forces. We bave seen that the 
weight supported by the double wire is the sum of the two weights 
described as the major and the minor weights. One-half of this sum 
is, of course, borne by each of the wires, which are further twisted in¬ 
dividually through a quarter of a circle. Let R be the length of these 
wives, and 2r their distance apart. Consider one only: the upper end 
being fixed, the lower will describe a curve which will be the inter¬ 
section of a sphere by a vertical cylinder, the ordinate from which to 
a plane drawn horizontally through ^the lowest point may be shown 
to be equal to 

versin ^ /1 * “^^^sin B — &c. 1. 

Ki C J 


As r : E. is a small fraction, less than j ^ question whether 

the second and further terms may not be neglected; for the present 
we may be content with the first, as an approximation only is wanted 
here. This ordinate is the height through which the weights rise as 
they are turned round. Let this be called 1i. A little consideration 

of the meaning of-a constant^ shows that iti this case the 

r versin 0 R 

restriction to the first term makes the path of the lower end of the 
wire a circle lying in an inclined plane,^ and the force tending to 
cause rotation (irrespective of the torsion of the parallel wires) is that 
of a body having the joint weight of the two, whose path of descent 
is to be along this circle. The gradient along this path (which is the 

tangent of the inclination) is-=~sin which is zero at 0® and 

r. do R 

180°, and a maximum at 90°. Let A+B=P be the weights, which 
are augmented for adjustment by a small weight, p. Then the force, 
depending on gravity, which tends to turn the system, resolved hori¬ 
zontally, is (P+jp) tan / inclination =(P4-p)-4-sin 0. 

R 

Neglecting for the present the torsion of the parallel wires, we see 
that this force is resisted by the torsion of the single wire, as to which 
we must have regard to two propositions:— 

(1.) Torsion is independent of tension; 

(2.) Torsion varies directly as the angle of twist. 

We may, therefore, express the torsion by/>i0 (at the distance unity), 
remarking that 0 is mechanically increased until it balances the force 
tending to turn the system as above described. 


Now, since (P-fp)-^ sin0 attains a maximum when 

Ki 


2 p 


YOL, XXXII. 


* This demands an elliptical cylinder. 
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this point it were balanced by any increase of torsion caused hj 
increase of 0, however small, would be answered by no corresponding 
augmentation of the opposing force. The upper system would obey, 
$ would increase, but the resistance would diminish instead of increas¬ 
ing. In short, 90° would represent a position of unstahh equilibrium. 

This state of things is prevented by the torsion of the parallel wires, 
which act in aid of the weight and defer the condition of unstable 
equilibrium to a point some degrees beyond 90°. The perception of 
this may or may not have been present to the designer ; but it may 
obviously be made use of advantageously as follows :—Let 2p^0 denote 
the torsion of the two parallel wires when turned through an angle 

Then the forces which balance are (P . sin 6 f 2p^6^ and pi(/>; and 

It 

the utility of the instrument, depending in the first place on the abso¬ 
lute constancy of p^ff), depends also on the possibility of exactly equali¬ 
sing to this the other force by varying either ^ or P It is in this 
respect exactly analogous to a balance, the desired relation of 0 to 0 
being equivalent to the demand for horizontality in the latter. The 
sensibility of such an equipoise will be measured by the smallness of 
the change in P -hi* requisite to produce, or to correspond to, a given 
small change of 0, 

Let (P -fp) ^, sin 0 + 2pq0 =P, 

it 


~-=(P+2>)-J-005^+2,„ 

and ^ +• p) . cos 0 4- 2p^ W, 


When 0=0°, is infinite; no change of weight will ajffect 0. 

Similarly w^hen 0=180°. But when 0=90°, Bp=:2p^^B0, At this 

“ r 

point no relation would subsist between op and BO but for pg; if the 
equilibrium were independent of the torsion of the parallel wires. As 
it is, the equilibrium is a compound one, and is disturbed by a change 
of weight, the effect of ivhich is inversely jprojportional to the torsion of the 
parallel wires, in apparent contradiction to the first of the above pro¬ 
positions regarding torsion. If the torsion of these wires he doubled, 
the addition of the same small weight Bp will cause a change of 0 to 
one-half the amount. The sensibility of the instrument is therefore 
proportional (within limits) to the fineness of these wires; but this 
must not be carried so far as to bring the position of unstable equili¬ 
brium too near to 90°, or else the stability of the balance will become 
too delicate and observation too difficult. 
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. To determine tlie position of unstable equilibrium, consider the 
general statical equation 

(P +JP) • sin 0+2/)20 =/)i0. 

Wben the left-band side is a maximum its differential with respect to 
e equals zero, therefore 

(P+jP) cos 0 o+ 2 /) 3 =O, 


whence 



r 


■p+z 


Now, as in the intended position of rest, 6=^, P=^, we have 


Combining this with the former, it appears that 


sec £^q= 



Tbe double wires and the single wire are no doubt of the same material, 
but the former are thinner. Their lengths are as 4:1. Suppose their 
thicknesses as 2: 3. Then : /sg:: 4 X 3^ : 2®:: 9 :1, which gives 


sec ^ 0 =-12-5 ^=-19-64, 

a 

and^0=92° 55'. 

That is to say, the position of unstable equilibrium lies less than 3® 
beyond the intended position of rest. [This is closer than I should 
have thought, but it is borne out by the fact that I have not been able 
(with the existing adjustments) to reach the intended position of rest 
both ways, i.e,, turning both to the right hand and to the left hand, 
before reaching the point of unstable equilibrium. This is easily ac¬ 
counted for by supposing the primary position to be a balanced one, a 
slight deviation from parallelism of the mirrors being induced by a 
slight initial torsion of the parallel wires.] To return:— 

The angle through which the loiver end of the single torsion wire is 
turned, by the stop acting on the minor weight, is As this 

angle approaches 360®, 0, which is the angle through which the u^er 
end and the major weight are turned, approaches, or should approach, 
90®. As this stage is approached a very small increase of ^-j-0 in¬ 
duces a larger and larger increase of 0, according to the proximity to 
the value Oq. And the above expression for sec 9q shows that this 
depends on the ratio of pi : By varying the strength of the double 

2 p 2 
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wires tlie position of unstable eqnilibrinm may be placed anywhere 
from 0Q=9O® .to 0o=18O®; and the nearer it is to 90°, tlie weaker 
they are, the more sensitive will the instrument be at the position 
^=90°. This suggests, I think, that the double wires should be 
coarse and inelastic rather than the reverse. 

The ratio r : is as nearly as I can judge by measurement 1:138, 

and (P+jp) would be, at the equator, 3,725 grs.; so that (P+_p)Jls: 

P 

27 grs. very nearly. Now, 







This is the force, exerted at a distance r=*09 inch, which is requisite 
to turn the single wire, of length 3 inches, through the angle sr. If 

be taken as above, equal to i />i5r=19-J grs., at *09 inch j and 
Pi 9 

/>37r=2-^ grs. nearly. 

We can now form some estimate of the effect of a small change of 

Pi 

weight. We have seen that 8p=2/>3.—Substituting numerical 


values, as above, we find ^p=138 x4-f-X -~=691— nearly. 

w TT 

The collimator contains a scale, exactly :|th of an inch long, divided 
into 30 parts. The focal distance being 8‘5 inches, the angular value 
of the scale is tan or 1° 41'; and of each part, 3' 22", or ^ 
approximately. Putting one of these parts equal to 2d9 (doubling on 
account of the reflection) we find aj9=:-/^^=*092 gr., the change of 
weight which will deflect the mirrors relatively one division. It follows 
that the 30 divisions of the scale correspond to a change of weight of 
about 2*76 grs. 

But we must remember that this relation depends on an assumption, 
viz., that Pi: p^ :: 9 :1. To provide for a more accurate estimate being 

hereafter obtainable, let ^^3=^. Then P37r= 

opi 1—/c " l — fC 

To hO 

7452 -—- —; and. in the case of the scale-division ^jp=l'16-—- grs., 

• 1 —k TT 1 —k 


or very nearly 35 


k 

l-h 


for the whole scale. 


Let ns now consider what may be expected as the actual conse¬ 
quence of a change of gravity. The most practical evidence of this is 
the effect on the rate of a pendulum. A pendulum which would beat 
seconds at the equator would gain 225 seconds, or beats rather, at the 
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poles. The corresponding increase of gravity is in donhle this pro¬ 
portion, t.e., 450 on 86,400, or 1 on 192, nearly. Weights, as mea¬ 
sured by a constant force such as the torsion of a wire is supposed to 
be, are affected in like proportion but inversely. N’ow the weight of 
the mass suspended by the double wires is 3,725 grs.; and the change 
of weight, if one may so express it, from pole to equator, will be 
or 19*4 gTS. 

We have seen that the range of the scale in the collimator will measure 
a deflection due to a change of weight of 2*76 grs., or thereabouts. It 
follows that the extreme change of gravity which can be looked for 
would cause a deflection about seven times as great as what the scale 
will measure. 

This is provided for by the auxiliary weights, of which there are 
five, weighing 4*4 grs. each, and by the contrivance of the glycerine 
well, which will now be described. Before quitting this part of the 
subject, however, I should point out that one division of the scale 

.990 

seems to correspond to a change of pendulum rate of x 225=1‘07 

second per diem. 

The buoyancy of the glycerine in the well depends on the volume of 
liquid displaced by the plunger, and therefore on the diameter of the 
latter, which can only be got at awkwardly, in one place. To ascer¬ 
tain this diameter I cut a slit in a piece of zinc plate, rather wider at 
the mouth than at the inner end, and used it as a gauge, marking the 
place where the narrowing width fitted the plunger. A piece of 
«copper wire, *05 in diameter, was found to fit it at the same spot; 
perhaps *048 would be more correct. 

The specific gravity of glycerine is 1*26 ; hence a cubic inch weighs 
849*4 grs. With these data we find that one inch rise of glycerine 
will buoy 0*628 gr. The cathetometer scale being divided metrically, 
this corresponds to 0*0247 gr. per millimetre. The micrometer reads 
to hundredths of a millimetre. 

The riders weigh, as nearly as I can determine, 4*40 grs. each. 
Hence one rider has the same effect as 178 millims. of rise; but the 
scale only runs up to 150 millims., so that additional riders will be 
requisite. 

I found by trial that 100 millims. rise of the glycerine buoyed about 
2 grs. It was not a careful observation, but agrees fairly with the 
above calculation; so that it seems pretty certain that the riders are 
too heavy. 

The total weight being 3,725 grs., the variation of gravity from pole 
to equator (being as 193:192 nearly) will require an augmentation of 
19*4 grs. This corresponds to 225 seconds, therefore 1 second corre¬ 
sponds to 0*0867 gr., or 3*5 millims. of glycerine, if the above is 
correct. 
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We must look for accuracy which may he represented hy +0i 
second, or the instrument is not worth testing severely. This corre¬ 
sponds to 0'36 millim. of glycerine, or 35 divisions of the micrometer. 

The foregoing description and investigation represent what I had 
leamt about the gravimeter by inspection, measurement, calculation, 
and reflection, before meeting with any instruction from the designer. 
In his letter to Greneral Walker, Mr. Broun mentions having seen and 
corrected the proof of the description which was to appear in a new 
edition of the Catalogue of Instruments exhibited in the Special 
Loan Collection. Not expecting that a catalogue description would 
be otherwise than brief, and confined to principal features such as I 
could not fail to perceive unaided, I did not wait until I could procure 
it, to study the instrument. Some delay also occurred before I 
received, through the courtesy of the Secretary of the Science and 
Art Department, the extract in question. It seems right to mention 
this, in explanation of the independence which will be remarked in 
what I have said. Whereas, in what follows, I acknowledge the said 
description as an additional source of information. Mr. Broun’s 
description is accordingly inserted here; and I shall then add some 
comments upon points which seem to need further elucidation or 
notice. 


“ 421d. Gravimeter. An instrument for the measurement of 
the variations of the. earth’s attractive force, invented by J. A. 
Broun, F.E.S., and constructed from his drawings by Dr. 0.* 
Muller, of Stuttgart. /. Allan Broun, F.E.S» 

“ The instrument consists of a weight suspended by two gold 
wires; a single wire fixed to the top of the weight and passing 
through its centre carries a cylindrical lever; when the lever is 
turned through 360® at the normal (say southern) station, the 
torsion of the single wire thus produced carries the weight round 
through an angle of 90®. The forces then in equilibrium are, 
the torsion force of the single wire and the attraction of the 
earth on the weight, which, as the two wires are no longer vertical, 
has been slightly raised and seeks to attain its lowest point. 

“ On proceeding from a southern to a more northerly station 
the earth’s attraction increases; the amount of this increase may 
be measured in two ways:— 

“ 1st. The lever will require to be turned through more than 
360® in order to carry the weight to the height due to turning 
it through 90°, (Had the station been more southerly the lever 
would be turned through less than 360®.) The difierence of 
the angle from 360° measures the increase (or diminution) of 
weight. 
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2iid. By removing a small portion of the weight, equal to that 
due to the increased attraction of the earth, the weight can be 
turned through exactly 90° by rotating the lever through 360° 
as at the normal station. (On proceeding south weight has to be 
added.) 

“ The following are the instrumental arrangements in order 
to make these observations:— 

“ The weight has on each of three sides, at its base, a vertical 
mirror (silvered, not quicksilvered) ; the middle mirror makes 
an angle of exactly 90° with the other two. The lever also 
carries a vertical mirror, which, when there is no torsion in the 
suspension wire is immediately below and in the same vertical 
plane with the middle mirror of the weight. A telescope, having 
a glass scale at the focus of the eye-piece, is adjusted so that 
images of the scale can be seen (one higher than the other) 
reflected from the middle mirror of the weight and the lever 
mirror. When both of these mirrors are exactly in the same 
plane, the middle division on the scale seen directly with the 
eye-piece, coincides with the same division in the two reflected 
images. 

“By a wheel and pinion (with endless screw and clamp for 
delicate movement) placed below the insbrument, a polished agate 
point can be made to act on a similar agate point fixed to the 
lever, so as to turn the latter through any angle. When turned 
through 360° the middle scale division again agrees with the 
image from the lever mirror. If the image reflected from one of 
the side mirrors of the weight does not agree also, the lever is 
turned through a greater (or lesser) angle than 360°, till this 
agreement is obtained ; the difference of the angle through which 
the lever has. been turned from 360° is obtained from the scale 
reading, as seen on the lever mirror. 

“ The following apparatus is employed for very small increases 
or diminutions of the weight. Suspended to and vertically below 
the lever is a carefully calibrated glass wire (1 millim. diameter), 
which enters a glass tube fixed below the instrument. At the 
lower end of this tube is a cistern containing a liquid (distilled 
water, or as at present, chemically pure glycerine). This liquid 
can be forced into the glass tube by a screw and piston (as in 
some barometer cisterns). The liquid is then raised till such a 
diminution of weight is produced by the immersion of the glass 
wire as to bring the mirror of the weight through exactly 90°, 
when the lever is turned through 360°, The length of glass 
wire immersed is read, by a micrometer microscope and scale, 
to a thousandth of a millimeter. 

“ Though finely polished agate points have been employed for 
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turning tlie lever so as to diminish the friction, there is an 
additional apparatus to ensure that vertical friction has no effect 
on the observation at last. The lever contains a magnet; and 
two bar magnets, with rack-work adjustments for height, are 
placed one on each side of the instrument, so that by a pinion 
and rack movement they can be approached to the lever magnet 
till their force is exactly equal to the torsion force of the single 
wire, and the agate points are no longer in contact. 

The instrument is made to serve for latitudes di&ring about 
10° or 15°, but an auxiliary apparatus carries five platinum rings, 
which can be lowered upon the weight, so as to make the in¬ 
strument serve from the equator to the poles, and to any height 
in the atmosphere. 

“ There are special appliances for portability, by one of which 
the weight is fixed; another fixes the lever; so that strain is 
removed from the suspension wires, and the suspended parts can¬ 
not be shaken from their places. Levels, a thermometer, and 
other details fit the instrument for the most accurate observations. 
The suspension wires are fixed at their ends in a special manner, 
so that the fixed points cannot vary. All the suspended apparatus 
is electro-gilt.’’ 

*(1.) We learn from this that the suspending wires are of gold, and 
that suspended parts are electro-gilt. I observe that there is a 
tendency to spottiaess, resembling mould, on some parts of the gilded 
surface. 

(2.) The part which I have called the minor weight”, is here 
designated as a cylindrical lever..” The latter term is but remotely 
descriptive- 

(3.) The torsion of the double wires is not alluded to in desciubing 
the forces which balance each other. This confirms my doubt 
whether the very important part played by this torsion was recog¬ 
nised. It is an essential feature, without which the position of 
maximum gravity-action could not be chosen; and in making the 
adjustments it is impossible to disregard it. 

(4.) There is no necessity for the two side mirrors on the major 
weight to be inclined at “ exactly 90° ” to the middle one. Indeed, it 
is scarcely possible to tell exactly what their inclination is. It is about 
90° ; and that is all that can he said or desii*ed. 

(5.) Of the two terms “ telescope ” and “ collimator,” the latter 
describes more correctly the function of the appliance by which the 
angular positions of the mirrors are observed. The scale is in the 
focus of the object-glass of this collimator, rather than in that of its 
eye-piece, though, of course, the latter is also true. The divisions and 
value of this scale are not mentioned. If my estimate is right, which 
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makes one division correspond to 1®*07 jper diem, it is clear tkat this is 
a weak point, especially as the collimator is optically indifferent. 

(6.) This “ telescope ” or collimator is said to be “ adjusted ’’ so as 
to perform certain functions. Unfortunately it kas no means of 
adjustment except in a vertical plane. There is no horizontal motion; 
nor has the object-glass a power of focal adjustment by rack and 
pinion. It is very dif&cult to get a good sight of the reflected scale. 

(7.) The only dimension stated in the whole description is the 
diameter of the “plunger'*’ (1 millim.). Neither are the weights of 
the suspended masses stated. A precise knowledge of the joint 
weight is necessary for the calculation, even of differential results. 
By precise I mean to within 4 or 5 grs. 

(8.) The plunger is described as a “ calibrated glass wire.” I 
imagine this to mean that the glass rod was specially made, and 
tested at every point. I do not see any advantage in its being of 
glass. 

(9.) “The length of glass wire immersed”—that is to say, the 
length of liquid displaced—“ is read .... to a thousandth of 
a millimeter.*’ The graduation of the micrometer head enables 
hundredths of a millimeter to be read. The thousandths are by 
estimation. But this probably far exceeds the power of observation 
of the surface of a liquid, auch as glycerine, in a gla^s tube. 

(10.) “The finely polished agate points’* appear to be of ruby- 
coloured glass—if ready fusion be any test. 

(11.) The magnetic holder. I imagine this is better removed. It 
would be nearly impossible to guarantee its action being entirely 
horizontal. And the presence of a magnet as part of a mass, the 
weight of which is under examination, is inadmissible. 

Should these comments give the impression that I wish to cavil at 
the description, I must reply that it is necessary for the present pur¬ 
pose. The question before us is not whether the instrument is 
ingenious; but whether it can be used for the intended purpose, in 
preference to other existing instruments whose use and powers are 
well known. 

It may be said thsufc that question can best be answered by trying it. 
Unfortunately this is not the case. It will already have become 
apparent that it is one of a class of instruments in which the observa¬ 
tion is nothing but the last of a series of elaborate and dif&cult 
adjustments—adjustments which require patience and skill and no 
little time, all of which would be thrown away if the ultimate obser¬ 
vation should prove abortive. I will now proceed to indicate more 
exactly what these adjustments seem to be. 

The principle on which the instrument is designed involves, as a 
primary consideration, the angular rotation and ultimate angular 
position of two bodies. The angles ^ and (/> of the theory above 
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explained, altHough. nnimportant in absolute magnitude, are all- 
important relatively. The prime defect of the instrument is to be 
seen in the insuffiioient optical means of noting and recording this 
relation. This might be remedied without altering the instrument in 
any way, by changing the collimator; so I will not dwell further on 
that, but pass on to the means of controlling and adjusting this 
angular position. Inasmuch as torsion of wires is in question, it is 
obvious that the %oay in which their ends are held and turned is a detail 
of extreme importance. Mr. Broun has alluded to this. He says 
they ‘‘ are fixed at their ends in a special manner, so that the fixed 
points cannot vary.’^ It. is unfortunate that one cannot learn cer¬ 
tainly by inspection, what the attachm^ent is. It is probably by the 
pinch of a split screw, for the wires appear to pass through the axes 
of the holding screws. Whatever the method is, it ought to be un¬ 
impeachable. But not only should the holding be secure, it should 
also be easily manageable. It is of little avail to attach a fine wire to 
a delicate screw which can only be manipulated with caution by a 
steady hand, for the adjustments depend mainly on these ends of 
wires being turned accurately through very small angles. I regard it 
as a capital error of construction that the grasp of the ends of these 
suspension wires is made as small instead of as large as possible. 
This is an opinion based on wearisome experience no less than on 
common sense, for I have spent many hours in endeavouring to obtain 
the adjustment in question, with no other result than this experience 
and the discovery of the cause of repeated failure—as I will now 
explain. 

The first adjustment required would seem to be to make the minor 
weight hang so that its mirror shall be parallel to the middle mirror 
of the major weight. To secure this the holding of the single sus¬ 
pending wire must be turned, either above or below. It is difificult, if 
not impossible, to get at the lower holding. But the upper one offers 
no diflSculty except what is to be expected from the smallness of 
the parts. The necessary adjustment was at length made, approxi¬ 
mately. 

The second adjus-tment consists in so managing the torsion of the 
double wires, that when the minor weight (with its mirror) is turned 
through either way^ the major weight shall present its right or 
its left hand mirror egually short of or beyond the ultimate position. 
The observation in that case will consist in ascertaining what alteration 
of weight, will bring about exact conjunction, in either case. 

The difficulty, which I have already commented on, of giving any 
precise amount of rotation to the holding screws, is in this matter 
also so great as to make exact adjustment quite fortuitous. This will 
explain why I made the same adjustment several times m succession 
(on each occasion with sorely tried temper and patience) before 
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^becoming aware that there was something wrong. I traced this at 
last distinctly to a want of ^permanence of the first adjustment. I had 
spent from first to last not less than ten hours on these adjnstments 
alone, which may give some idea of their uncertainty. 

It was now necessary to ascertain what was the source of the 
instability. It must be clearly nnderstood that there is not any part 
of the whole design which is of greater importance than the attain¬ 
ment of permanence in this part. If, after disturbance, the lower 
weight does not return to the sayne position, relatively to the upper, 
with absolute exactness^ I see no chance of obtaining anything which 
can be called a result. It is literally a sine qua non. 

The instability might be due to one of two causes—I see no third 
alternative. Either the holding was insecure; or the wire was 
strained beyond what its elasticity would bear. I tried various plans 
to test this. At first it seemed clear that the holding was in fault. 
Then I fancied that the wire was strained. I mention this vacillation 
purposely, because my final conclusion, which condemns the holding 
after all, though more hopeful, might be wrong, and as it challenges 
the “special maimer” noticed in Mr. Broun’s description, it will be 
best not to be too certain. The following test, however, seems con¬ 
clusive. 

I prepared two needles of deal, about 2 inches long and as thin and 
light as seemed necessary. These were split at one end, and thrust 
upon the taut wire, so as to stand out from it horizontally. One was 
placed close to the upper holding, but free from contact; the other 
about 0*3 inch lower. The upper weight was clamped, and the lower 
then turned through two entire revolutions. [I did not scruple to 
overdo it, having ascertained from collateral experiments with other 
wire that a wire will bear being turned twenty or thirty times to 
every inch, without any other ill effect than a permanent twist.] 
The result was that the upper index turned through a few (8 or 10) 
degrees, and the lower through 70” or 80°—the latter being sensibly 
in due proportion to its distance: as to the former, I could not say 
exactly where the holding point might be. Kow, the test would be in 
the positions to which they would return. If the wire was strained, 
the lower index would not return to conjunction with the upper: if 
the holding had failed, the two would not return to the starting point. 
The event proved the latter alternative. The lower index returned to 
conjunction with the upper ; but both failed to return to the original 
position. I repeated the experiment, giving the weight only a single 
turn. The result was the same, in less degree; the holding had again 
failed, t.e., had allowed the wire to turn in its socket still further. 
The screws were all firm, on trial 

The above test is so easy, and useful, that a description of it needs 
no apology. Still, it is rather by way of proof that I give it; for a 
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bare assertion of belief in tbe insecurity of bbe bolding might fairly 
be challenged. 

Tbe above result could in no way be passed by. It was necessary 
to run any needful risk to ascertain further whether the evil was 
accidental and capable of being remedied without some decisive altera¬ 
tion. I therefore loosened the fastening and drew out the wire. The 
only result of this was to show that the wire was held solely by the 
pinch of a split screw. This is the ‘‘ special manner ” alluded to in 
the description, and I have no hesitation in saying that it is bad, 
because it relies on the almost microscopic accuracy of cutting of the 
parts. Assuming that no play is required in respect of length, there 
can be no objection to doubling back the wire before clamping it—and 
that in a large screw, split boldly for half an inch or more. !N’o slip 
could possibly happen in that case, even with very slight clamping. 
This is the hold I have used (in the experiments alluded to), the 
clamp being a cleft in wood, pinched ad libitum. 

Under the circumstances I replaced the wire, and screwed the hold¬ 
ing nut nearly to the utmost the screw would bear; and then repeated 
the test—with the same result. The hold by friction (of brass upon 
gold) is, at any rate in this particular case, insecure. Nor do I see 
any means of remedy short of partial reconstruction, which should, 
of course, extend also to the other five holding points. 

Should any doubt remain as to the slipping I add the following. 
Wishing to see whether it was due to the split being too coarse, I 
decided on extricating the holder and examining it under a micro¬ 
scope ; as also to see if the wire showed any abrasion or destruction. 
To get the holder out involves a great deal of dismemberment; but 
the choice lay between this and leaving the question in some doubt. 
I succeeded in doing it—it is needless to describe how. The first result 
was the possibility of recognising clearly the nature of the holder, of 
which I give here an enlarged view. It is a screw about f inch long, 
with capstan head, and three capstan nuts; of which two hold it on 
the beam, and the third pinches the split point. The split is quite flat¬ 
sided. The shank is hollow, as far as to the end of the slit, where 
there is a cross tunnel. By way of trial I pinched a piece of 
silver wire in the way the suspension wire is pinched, and twisted it. 
It was thinner than the latter, I think the pinch held it, for it soon 
broke. This was against the theory of slipping. Fortunately, I had 
saved a fragment of the gold wire (about I inch) which had pro¬ 
jected at the free end and had been broken ofE by the insertion of the 
pin (I suppose). This piece I inserted and pinched firmly, as firmly 
as I dared without spoiling the screw. The projecting end I bent 
into a crook, which I grasped with tweezers. I then turned the 
screw. Would the wire strain, or break, or slip? That was the 
question. The event justified previous experience. It slipped freely. 
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I oonld not pincli it tight enongli to hold. Subsequent examination 
showed no sign upon the gold wire. 



This proves conclusivelj that, under these circumstances, the pinch 
of a round wire is an insecure hold against torsion,’*' 

I cannot but regret this result, for the sake of the exquisite work¬ 
manship 5 but there is no help for it, the wires must be held in some 
other waj before anything can be done to test the instrument as a 
gravimeter. I find, for instance, that a slight flattening of the wire 
meets the slipping difficulty perfectly; but a flattened wire strains 
{i.e., takes up .a twisted or strained condition) very readily, and it is 
doubtful whether any alteration of the cylindrical form, even for a 
very small part of the length, can be permitted without risk. 

My examination having reached this stage, I found it necessary to 
decide whether to stop here or run some risk of injuring the apparent 
perfection of the instrument, in the endeavour to obtain the first 
requisite, a firm hold of the ends of the torsion wire. I defer, for the 

* I haye since tried a steel wire pinched between lead sheets in a vice. No pinch 
seems sufficient to prevent the slipping, if the wire is straight, but a slight crook 
suffices. 
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present, all reflections in order to proceed with’my narrative. 1 
decided to flatten the wire slightly at the place where it passes the 
split. “Whether I did so insufficiently or not at the right place it is 
impossible now to say. The result was slipping, as before. I then 
determined to have recourse to the loop—by which I mean giving to 
the wire at the place where it is pinched a sharp bend back upon 
itself. To do this the whole instrument had again to be dismembered. 

1 cannot give an adequate idea of the anxiety attending a step of this 
kind, in the case of an unfamiliar instrument of delicate construction. 
My anxiety would have been greater perhaps, but hardly my care, had 
I known, what I now learnt, that the gold wires were nearly as brittle 
as untempered steel. In dismounting the major weight (without 
which the lower attachment of the single wire could not be reached) 
one of the double suspending wires snapped off short at the fastening. 

I did not recognise the cause until on attempting to double back the 
single wire to give it the crook it also snapped short. These. mishaps 
were experienced without much cost, for the new plan demanded but a 
fifth of an inch of wire; which the other end, in each case, could 
easily spare. But before trying to bend it again I took the precaution 
to anneal the end. At length, after a deal of trouble, I had succeeded 
in fastening in this way both ends of the single wire, and of the 
broken one of the pair. I ought to have done the same with the 
other as well, but courage was wanting to go further iu this direction 
than accident had rendered necessary. The torsion on so long and 
thin a wire (the pair are much thinner than the single one) turned 
through only one quarter of a revolution, would probably be so slight 
as not to exceed the holding power of the existing attachment. 

I should say here, that before putting the parts together ^ again, 
I weighed them, and measured the wire-lengths.' The weighing is 
elsewhere recounted. The lengths are 12*6 and 3*08 inches respec¬ 
tively. I also took the opportunity to measure exactly the diameter 
of the glass plunger, having reason to doubt the correctness of the 
measurement assigned in Mr. Broun’s description. The result justified 
my suspicion, 

The end of aU this is now at hand. In due time the instrument 
was once more in a condition to recommence the adjustments. 
Warned by previous experience I wasted no time over perfecting the 
first; but, noting the actual position of the lower mirror when at rest, 
I turned it through two revolutions and allowed it to return. It 
failed to reach its former jplace, 

I tightened the holding nuts to the utmost which the metal would 
bear; with no better result than to reduce the slipping, but not to 
prevent it. The index test seemed to exonerate the upper holding, 
but there was either slipping or straining—and that to a variable 
extent—on every trial, whichever way the lower weight was turned. 
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At this point, I decided on abandoning the investigation, nntil I 
should receive further instructions* Considering that the instrument 
has been entrusted to me to experiment with rather than u;pon^ I have 
already dared more perhaps than I ought to have—certainly more 
than most persons would have felt justified in doing* I presume, per¬ 
haps, in thinking that a rather long experience of instruments of 
precision will be accepted as my excuse for having gone so far ; in the 
earnest endeavour to ascertain whether an instrument of such exceed¬ 
ing beauty (as to workmanship) would prove as valuable as it looked, 
and as, I must say, the principle of its construction leads one to 
expect. In pursuing this endeavour I have done some slight injury 
to it—which can be easily remedied if necessary. This I admit: but 
per contra I have ascertaiifed a good deal without which it would be 
useless, besides gaining some experience which should avail in per¬ 
fecting it, and making it (or another similar in principle) useful for 
its intended purpose, [Finally, if any further apology is necessary, I 
will add this—that in no case could the instrument have been actually 
and efficiently employed for that purpose without material alterations. 

I cannot too often repeat, that both as regards the design and its 
execution, the instrument deserves high praise. Nevertheless it is a 
failure.' I have felt this all along, and I ought not to conclude this 
paper without pointing out what I conceive to be its chief defects. 
Of the defect which has brought this trial to a premature conclusion 
—the insufGicient hold of the ends of the wires—it is only necessary 
to say that some plan should be discovered of putting this beyond 
question. This is the first consideration. I do not regard this as an 
error either of design or of construction such as can be complained of. 
But I do regard as such that which gives the instrument, as actually 
constructed, its beauty, viz., the minuteness and delicacy of its parts. 
There is a wealth of adjustment which is not necessary, and their 
details are all on far too small a scale. I suppose that the major 
weight consists of not less than 100 parts. Of these probably 80 
could be set apart whose total weight would not reach 200 grs. out 
of the 3,100 which the whole weighs. It is clear that, supposing the 
total to be restricted to that, a more generous distribution to the 
smaller parts might have been made, without any disadvantage; but 
on the contrary, a great gain in handiness. I fear it is useless to add 
that a large proportion of these smaller parts are of the kind which 
instrument makers d.elight to show their wonderful skill in producing 
—as nature does flowers. Of course, one cannot tell how far these 
multifarious adjustments may not owe their presence to a conscientious 
endeavour on the part of the maker to give effect to his instructions : 
but that must not prevent my saying that they are, to a large extent, 
redundant, unnecessai'y, if not useless. 

I regard it as a mistake that the whole instrument is on so small a 
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scale. We should not be far wrong in estimating tbe power of sucb 
an instrument, not in proportion to its size, but in an even higher ratio. 
Even in scale-balances there is an advantage in size; though there it 
is the alsolute weight put into the scale which is measured, whereas 
in the gravimeter we have a balance whose delicacy is measured by 
the relative minuteness of the weight added. The torsion gravimeter 
relies on the perfect obedience of the bifilar suspension, due to the 
absence of friction. Until it can be practically shown that this obedi¬ 
ence is, in practice, not perfect, it is an abuse of the leading principle 
to refrain from drawing upon the resource it offers. This is what 
is done when high constructive art and skill are exerted to keep down 
the weight and size of parts instead of the contrary. 

The minor weight is turned as one turns *the hand of a clock with 
the finger. I cannot imagine why this one-sided action is preferred— 
for I suppose it is preferred—to the obvious two-fingered action, which 
comes into play in so many common practices where one wishes to 
avoid displacing the central axis of motion. The effect is to give a 
wobbling swing to the whole hanging system, increasing the risk of 
jar and strain, besides displacing the centre, and thereby altering the 
normal direction of the pull of the lower weight as well as the verti- 
cality of the mirrors. [It is true that magnets are provided to relieve 
this, but I hardly suppose any one desiring to make accurate observa¬ 
tions would allow them to remain as preferable to the two-fingered 
stop.] I have already remarked on the so-called “finely-polished 
agate points,'* which I have been obliged to replace by steel ones, 
because being very thin and of glass they soon got broken off. I do 
not recognise any objection to their being of metal. 

A tripod stand is furnished with the instrument, and I always used 
it; but it is very unsuitable, for the following reason. A portable 
tripod almost necessarily requires a large splay; this involves risk— 
even in the hands of a surveyor habituated to three-legged stands— 
and risk of a kind which, in my opinion, is fatal in the case of such 
an instrument as this. This is why I notice the stand. I doubt if 
anything like the necessary permanence of condition could be looked 
for in a fine wire which, when supporting such a weight as 600 grs., 
had to sustain a jolt, or such a shock as would be caused by a slight 
kick to one of the legs of the stand. I have no proof of this. It is 
one of the tests I intended to inflict on the instrument. In the absence 
of anything but a strong doubt, I can do no better than set it down 
here for future trial. 

The last point which I shall dwell upon is one which has already 
been noticed, the effect of torsion of the double wires in deferring the 
position of unstable equilibrium beyond that of maximum gravity 
resistance. As already pointed out, the possibility of choosing 90"^ as 
the place of rest turns on the alliance of this torsion with the force of 
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gravity in opposing tlie torsion of the single wire. If Mr. Broun was 
uware of this, it is strange that he gives no hint of it in mentioning 
the forces in eqnilihrinm; anyhow, the third force is there, and might, 
I think, be taken advantage of. I found by trial that the torsion of 
the single wire might be increased so cautiously as to cause the major 
weight to stand nearly stationary at the position of unstable equili¬ 
brium. If the angle of position of the lower weight were read off (by 
vernier or otherwise) when this happened, both right hand and left 
hand, I imagine a delicate measure of the variation of gravity would 
be obtained, without the need 'of any appliances for varying the 
weight, or of a collimator. It would be foreign to the purpose of this 
paper to pursue this design further here; it is enough to have indi- 
< 3 ated it in connexion with the principle involved in Broun’s design. I 
win only add that the two principles here indicated, viz., the balancing 
of gravity by torsion, and the determination of the condition of equili¬ 
brium when unstable, are both involved in a simple bifilar suspension; 
and I see reason to think that this form of gravimeter, from its ex¬ 
treme simplicity and great adaptability, is worth consideration.* 

It now only remains to offer some apology for the length of this 
report, and for its discursiveness. It will have been quite apparent to 
any one who has had the patience to read it, that it has been written 
from day to day, as the examination proceeded; and now that the 
latter has to be closed without anything of the nature of an ‘‘ observa¬ 
tion ” having been possible, it may be that there is a certain advan¬ 
tage in letting the facts, so brought forward, tell their own tale. 
Much, no doubt, could well be spared, but at the risk of laming the 

narrative..At the same time, I may say that 

I am quite willing to renew the attack, and do what can be done to 
reach a more promising conclusion, and to make the instrument 
efficient; provided I am so instructed. In that case, however, the 
sanction of the Royal Society, to whom it belongs, will be also 


* If (P+jp)—siii0=2p(p be the general statical equation of a simple bifilar 

Hi 


system, the equilibrium is unstable when sec0*—in which position 

^ 0 —— tan0o» Prom this it is at once apparent, since 0 must be positive, that 
must lie between 90° and 180°. It must also be greater than 90°, or <po would be in¬ 
finite ; but beyond this I do not see any theoretical restriction, I think it would 
be advisable to make large—several revolutions—as the wires will bear without 

injury. All that is necessary is that they be provided with means of turning their 
upper ends, until the weight reaches its position of unstable equilibrium (wliieh 
should happen when B is little more than 90°), and with means of recording the 
angle through which they have been turned so as to reach this condition. The ap¬ 
plicability of such an arrangement, as a sensitive gravimeter, will depend entirely on 
the adaptation ; which, I believe, would be found quite feasible. The equations 
here given are sufficient to determine suitable proportions. 

VOL. XXXII. 2 Q 
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necessary; as alterations may be necessary wMcb one would otherwise 

liaTe no right to make. _ . 

I a-ppend a separate account of the weighings of the major aud 
minor weights. Supposing the instrument ultimately brought into 
nse it would become necessary to know the total weight of the 
suspended parts with some accuracy. This need should be kept in 
view, if alterations are made. 

' Account of the Weighing, 

I have weighed the suspended parts on three occasions, the 
circumstances differing in each case somewhat. the first two 
weighino-s, the cross piece at the top of the shaft having been 
removed! the whole of the swinging parts were suspended from one 
arm of a balance—with exception of three mirrors absent for repair 
at the time This suspension involved certain additions and sub¬ 
tractions by way of aUowance for parts not present or redundant. 
These were either determined or estimated for. I have since been 
able to correct all the estimations, and the first weighing makes the 
sum of the two parts A and B equal to 3,721-bo9-i-14-35 18 22 

=3,729 grs. . ^ 

In the second weighing—being uncertain of the accuracy of the 

weights used-I prepared two lead blocks representing approm- 
mately the masses A and B; and, by more directly counterpoising the 
redundant parts, and reducing to a minimum all corrections, I ob¬ 
tained a mass A equal to 3,109 grs. and a mass B equal to 615 grs_, 
the sum of which or 3,724 grs. balanced, or would have balanced 
(■for I could not eliminate two small pieces which had to be allowed 
for) the whole of the suspended parts. The separation mto two 
parts provided for the removal of the lesser when the minor 'weigh 
was supported. I was quite aware that this was a doubtful partition, 
owing to the impossibility of exactly sivp^orUng the lower weig 
without imparting a thrust through the single wire. But there was 
no way of obviating this without a separation of the two parts of the 
mechanism. The total weight was free from suspicion. _ 

"When later events led me to take the whole apparatus to pieces, i 
took care before building it up again to weigh the two principal 
parts separately—as well as to take some measurements which seemed 
important. The result showed that this thrust had been much 
stronger than I supposed, having transferred 9 or 10 grs. from the 
lower to the upper estimate. I now found, directly and without ^y 
allowances or reductions—^the large mass being in one scale, and the 
major weight as it would, hamg in the other, that the former required 
paring down. The parings weighed 9 grs. Conversely the smaller 
mass required an addition of 10 grs. to balance the minor weight. 
Having made this transfer, I now have the two leaden masses, repre- 
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senting (eacli witMa 1 gr., I think) tlie major and minor weighits, as 
they actually hang: they weigh (according to my scale weights) 
3,100 and 624 grs. respectively. The snm agrees with the second 
weighing to a grain—the exact agreement being unintentional. 

These weighings do not include the platinum wire riders. 

I may add here an account of the measurement of the glass 
plunger—described by Mr. Broun as “ calibrated ” to 1 millim. 
My rough (?) measurement had indicated, as above said, *048 inch as 
its diameter. The cathetometer microscope seemed to show it about 
120 divisions, or 1'2 millims.= ‘049 inch, but I did not trust this. I 
hung a small weight by a fibre of raw silk and wound up 100 turns 
of it on the glass rod. The length absorbed was 14*9 inches. I esti¬ 
mate the diameter of the silk, which was coarse, at *001; but it is 

0*149 

very uneven. This would give -—*001=*046 inch. Not satis- 

ir 

fied, I repeated this with some fine silver wire, amiealing it first. 
This gave similarly-—*0036=*0454 inch. The diameter of the 

was got by measuring the length covered by the close coil of 
100 turns. The true diameter of the glass rod is rather Ipger than. 
this last, as the outer part of the wire would stretch more than the 
inner would compress. It may be taken as *046 inch at the place 
chosen, which was unfortunately near the top. As 1 millim. is *0394 
inch, Mr. Broun’s statement on this point must be rejected. 

I cannot imagine on what ground this plunger has been made of 
glass. Surely it cannot be contended that a metal wire would be of 
uneven diameter, in a way that a glass one would not be ? On the 
other hand the risk of injury is considerable, and such a rod would be 
impossible to replace in foreign parts. 


DESCRIPTION OE PLATES 8 AND 9. 

As has been mentioned in the note to p. 519 the plates were prepared subsequent 
to the submission of the Report, which they are intended to illustrate. 

Plate 8 is a general oblique view of the gravimeter on its tripod stand. The chief 
parts seen are—^the shaft through which the parallel wires descend:—^the chcmher 
through the glass front of which is seen obscurely what is represented veiy faithfully 
in Plate 9:—^the collimator, or observing telescope, to which a somewhat undue pro¬ 
minence is given in the drawing, by the effect of foreshortening:—^the taUe and 
foot-screws :—the trijpod stand:—the well and glycerine reservoir, with the cathe¬ 
tometer on the left. 

There is hardly any part of this plate which requires more special explanation tbn.n 
will be found in the foregoing pages, if we except perhaps the arrangement of nuts 
and screws on the outside of the chamber j and these will be readily understood by 
consulting the other plate, where it is seen that they serve to govern the positions of 
' the two stages inside by which the hanging part (the major weight of the Report) is 
held so as to maintain a fixed position, with slackened supporting wires, when 

I 2 Q 2 
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packed. There is a different arrangement for holding the minor weight, wliich the 
engraver has failed in representing so well as the rest. 

Plate 9 shows also a variety of milled screw-heads, eaclx of which has of course a 
purpose; but as neither of them, except one by which the lower weight is turned 
round, has any part in the observations such as they are described above, but only in 
ultimate manipulations which it is unnecessary to dwell upon here, they may be 
regarded as ornaments. It will be noticed that the collimator is removed, and one 
of the side supports is supposed broken off, to discover the minor weight j which 
last, Jwith its mirror and magnet bar, is seen turned through 30® or 40° into an 
obli(g[ue position. At the same level and outside the chamber are seen arms, one 
of which resembles a cross. These are the gmdes for two magnets which have 
been removed. Their intended purpose is mentioned by Broun in his description. 

The pillar alongside the shaft is a case for a thermometer, the bulb of which is 
within the chamber. 


On the CoefSoients of Expansion of the Di-iodide of Lead, 
Pbig, and of an Alloy of Iodide of Lead with Iodide of 
SilvW, Pbls-Agl.” By G. P. Rodwell, F.R.A.S., F.C.S., 
Science Master in Marlborongh College. Coramnnicated 
by Professor A. W. Williamson, For. Sec. R.S. Received 
Marcli 10. Read March 31,1881. 

In former communications which I have had the honour of sub¬ 
mitting to the Royal Society, I have given determinations of the 
coefficients of expansion by heat of the chloride and bromide of silver 
and the iodide of mercury between 0® 0. and the fusing point; also 
determinations of the coefficients of expansion and contraction of the 
iodide of silver, and of certain chlorohromiodides of silver. (“ Proc. 
Roy. Soo.,” vol. 25, pp. 280-303, and vol. 28, p. 284.) 

The iodide of lead, and an alloy of iodide of lead with iodide of 
silver, were thought to be very suitable substances for a continuation 
of these experiments. The following pages describe the results 
obtained. 

The experimental method was precisely similar to that before 
described, but the expansion apparatus was rendered more delicate by 
several notable changes suggested during the course of the former 
experiments. It is unnecessary to describe this apparatus again (for 
description vide “ Proc. Roy. Soc.,” vol. 25, p. 281-2), but it may be 
remembered that a homogeneous rod of the substance under examina¬ 
tion is connected with a series of levers which multiply 5,382 times, 
while the value of the movements is estimated by a micrometer screw 
reading to of an inch. The following alterations were made 

mainly with a view of reducing the resistance by dimiuishmg fric¬ 
tion, and thus adding to the sensibility of the apparatus :— 

1. The wooden base NT (fig. 1) was replaced by a massive stone 
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block, to wHcb. the box containing the levers and the npright carrying 
the micrometer head were firmly bolted. 



This block with figs. 1, 2, 3 is a reprint from “ Proceedings,” toI. 25, p. 280'-282, 
where all are described. 

2. The levers S, U (fig. 2) were reduced in weight. 

3. The spring Y (fig. 2) was removed, as it was fonnd that the 
recoil of the helical spring Z was quite sufficient to bring the index 
back to zero, and the presence of Y served only to increase the resist¬ 
ance and general strain. 

4. The vertical axis X (figs. 1 and 3) was no longer allowed to 
work in the upper confining plate of the framework 1), but it was 
caused to turn lightly on a bent arm above, while below it rested upon 
a slightly hollowed ruby. 

5. The steel chain W communicating motion from the lever TJ to the 
vertical axis X, which carries the index, was shortened and caused to 
wind upon the barrel in such a manner that when unwound to the 
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extent of half a single coil, it moved the index through its entire 
range, viz., from 0® to 180° of arc. By this means any possibility of 
the chain doubling upon itself was obviated. 

6. But perhaps the most important changes were the removal of 
stuffing boxes I and the rods H from the trough F, and the siibstitu^ 
tion of levers working over the rim of the trough; and the suspension 
of the rod of substance under examination in a cradle between the 
Jevers. This was effected in the following manner:— 


FI r/ . 4< 



Section through the trough longitudinally, showing the mode of suspension of the 
bar, and the position of the levers. 

A horizontal bar LL (fig. 4) was supported by rods K, N, strengthened 
by cross bars (not shown) let into the stone base of the instrument; 
it carried Y-shaped brass levers B, B, moving about axes at 0, 0 (figs. 4 
and 5), attached at the points A, A. F is the trough in which hot 
oeresine is used for heating the bar under examination, H, supported 
by the cradle G. Two rods I, I, which slide in holes K, K, and are 
capable of being held at any height by screws, support the cradle G. 
D is the rod (figs. 1 and 2) which bears upon the lever S, and M the 
point of the micrometer screw. 

The apparatus was standardised at freq^uent intervals by the use of 
a rod of fine homogeneous silver. Ceresine boiling at 480° 0. was 
used to heat the rods in F, and it was heated to any desired tempera¬ 
ture by means of a Bunsen burner placed beneath, and near the centre 
of the trough. » 
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End section of tlie trough, showing one of the levers, and the har which 
carries it. 

Iodide of Lead ,—Pure iodide of lead was cast into rods one-third of 
an inch in diameter and 6 inches long. The ends were made plane by 
a fine steel saw, and they were furnished with copper caps. Great 
difficulty was experienced^n casting the rods, owing to the brittleness 
of the iodide. Slightly greased tubes of very thin German glass were 
used as the moulds, and as the rods would rarely slip out of the tubes 
the glass had usually to be chipped away along the whole length of 
the rod by the point of a knife. The iodide underwent the same 
changes of colour as were observed in the iodide of silver; that is to 
say, it fused to a bromine-red liquid, which, when solidified, became 
red-brown, and, while cooling, brick-red, reddish-yellow, and, when 
-completely cool, orange-yellow. Harsh noises, like those produced by 
bending tin, were heard during the cooling of the mass, and the frac¬ 
ture was highly crystalline. 

Differences of opinion appear to exist as to the effect of fusing 
iodide of lead in the air. In the same volume of a standard work I 
find two exactly contrary opinions: for it is stated, on the one hand, 
that the iodide if fused in contact with air gives off a part of its 
iodine, becoming oxyiodide of lead; while elsewhere the iodide is 
classed among those which may be fused in an open vessel without 
change. 

In order to set this matter at rest, 66*1690 grms. of iodide were 
fused in a covered porcelain crucible. The fusion was continued 
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for eigM minutes, during •wMcli the cover was three times 
momentarily removed. Violet fumes of iodine escaped on each 
occasion, hut on weighing the loss was found to amount to only 

‘11036 per cent. 

Again, the mass was kept fused fqr four minutes, and the crucible 
cover was twice removed, hut the loss had only increased to 

•1584 per cent. 

After a third fusion the total loss only amounted to 

*1718 per cent. 

Hence it is manifest that iodide of lead may safely he fused out of 
contact with air, with scarcely appreciable loss. When, however, the 
crucible cover was permanently removed, the iodide rapidly decom¬ 
posed. 

When the iodide was heated in a current of carbonic anhydridcy 
it sublimed unchanged in crystals; while if it was heated in a 
current of dry oxygen it rapidly decomposed, fine crystals of iodine 
collecting in the fore part of the tube. 

The specific gravity of iodide of lead, in common with the iodides 
of copper, silver, and potassium, is less than the mean specific gravity 
of its constituents. Karsten found it to be 6*0282, Boullay 6*11, and 
my own determinations gave 6*12. The calculated specific gravity is 
e-629. 

The fusing point as determined by Mr. Carnelley is 383° 0. 

The coefficient of cubical expansion for 1° C. was found to be 

*00007614 

ior temperatures between 0° 0. and 205° 0. It increased to 

*00008317 

between 205° 0. and 253° 0. 

Between 253° 0. and 265° 0. the mass expanded rapidly, with a co¬ 
efficient nearly eight times greater than the previous, viz.:— 

*0006378. 

After the subsidence of this rapid expansion it no longer retained the 
original coefficient, but assumed one of more than double the amounfc,. 
viz.:— 

*000180. 

At temperatures some distance from the melting point the rod began 
to bend, and it became necessary to assume that this last coefficient 
continues to the melting point. The expansion in passing from the 
solid to the liquid condition was determined by the method described 
in my previous paper. 
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It will be observed that tlie iodide of lead, as in the case of the 
iodide of mercury (“-Proc. itoy. Soc.,” vol. 28, p. 284), has three 
coefficients of expansion, viz.:— (a) a coefficient somewhat less than 
that of chloride of silver up to 253° 0.; (5) a coefficient during 
12° C., nearly eight times greater than the preceding; and (c) finally 
a coefficient somewhat more than twice as great as that between 0° 
and 253° C., at temperatures above 265° C. Undoubtedly the iodide 
of lead, as in the case of the iodide of mercury, undergoes a molecular 
change while rapidly expanding between 253° and 265° 0., and before 
assuming the higher coefficient- This is supported by the fact that 
the highly brittle and crystalline rod showed itseK capable of bending 
after having undergone the rapid expansion. It will be remembered 
that the iodide of silver, which is very crystalline and brittle below 
145° 0., becomes amorphous and plastic above that temperature. 
The familiar example of sulphur will also recur to the miud. 

If we suppose a mass of iodide of lead to be heated from 0° 0. to 
the melting point (383° 0.) the following will be the volumes at the 
respective temperatures. 


Volume at 
}> 

5» 


0 ^ 

205 ^ 

253 ' 

265' 

383' 


0 . 


(solid) 


= 1 * 000000 . 

=1*015608. 

=1*019595. 

=1*027248. 

=1*048488. 


383° (liquid) =1*078080. 


The curve is shown in Table A, 

The specific gravity of the iodide in the molten condition is 5*6247. 

The fact that a substance may possess two or three different co¬ 
efficients of expansion has apparently only been observed hitherto in 
the case of such substances as fusible alloy, because in determining 
the coefficients of solid bodies temperatures exceeding 100° 0. have 
rarely been employed. Paraffine or ceresine used as a heating medium 
will allow the determination of coefficients to a temperature of 
300° O.y and, undoubtedly, many bodies when thus examined would 
be found to present anomalies similar to those remarked in the case of 
the iodides of lead and mercury. 


The Lead-Silver Iodide Alloy. 

Bearing in mind the peculiar nature of the coefficients of certain 
alloys of iodide of silver with the chloride and bromide (*‘ Proc. Roy. 
Soc.” vol. 25, p. 292), it was thought to be advisable to determine 
the coefficients of an alloy of iodide of lead with iodide of silver. 

These bodies were accordingly fused together in the proportion of 
one molecule of each, viz., Pbl 2 .AgI. This contains in 100 parts 
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Iodide of lead. 66*206 Lead. 29*7449 

Iodide of silver .... 33*794 Silver. 15*5642 

Iodine. 54*6909 


100*000 100*0000 

The substances were fused together in a porcelain crucible, and 
cast in thin glass tubes 9 inches long by one-third of an inch in 
diameter. The molten mass underwent the same changes of colour in 
cooling as either one of its constituents, and ultimately became a dull 
orange-coloured compact mass. Although composed of two sub¬ 
stances which are highly crystalline and brittle, the alloy was found 
to be hard and tenacious. Although the constituents are coarsely 
crystalline in structure, the alloy is finely granular. During the 
cooling of the mass it expanded with sufficient force to break the 
glass tube. Harsh noises were emitted during cooling, and the whole 
mass was sometimes jerked from its position; while, if held in the 
hand, it was felt to be- agitated by strong tremors. 

Mr. T. Carnelley has determined for me the melting point of the 
alloy, which he finds to be 350° 0. 

The specific gravity is 5*923. 

By repeated digestion with large volumes of boiling water the 
alloy is decomposed, the iodide of lead being dissolved, while the 
iodide of silver remains as a dull green powder. 

On examination in the expansion apparatus the alloy was found 
to undergo slow expansion to a temperature of 118° C., then, for 
6° C,, it simply absorbed heat without either contracting or expand¬ 
ing. At 124° 0. contraction commenced, and continued at unequal 
rates till a temperature of 139° G. was attained. Then, again, the 
mass underwent neither contraction nor expansion during heating 
through 5° C., and then it commenced to expand somewhat rapidly. 
The most rapid contraction on heating took place between 130° and 
133° 0. Thus, in all, for the temperatures during which the mass con¬ 
tracted, the index moved through fifteen revolutions of 180° to 0° of arc, 
and these were related to the temperatures in the following manner:— 


1 revolution of index took 

2 
4 


place during heating 

5 > 5 > 

97 99 


6 

2 


99 99 

99 99 


99 

99 


from 124—128° 0. 
128—130° 0. 

130— isr C. 

131— 133° C- 
133—139° a 


The details of these contractions are shown in Table B. 

The heating, especially at these temperatures, was excessively slow, 
and so moderated that a complete observation of the behaviour of the 
substance in the expansion apparatus lasted from three to four hours* 
Above 144° C. the alloy expanded with a coefficient about three 
times greater than that which it possessed between 0° and 118° 0. 







TEMPERATURES 
13^ i33 134 135 136 13: 
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Coefficients of Cubical Expa'nsion and Contraction of the Alloy for 1° 0. 

Between 0® and 118® 0‘.= -i-‘0000306 
„ 124 „ 128® C.= -‘0003240 

„ 128 „ 130® 0.= -*0012990 

„ 130 „ 131® C.= -•001?330 

„ 131 » .133® 0.= -‘0039000 

133 139® C.= -‘0004329 

„ 144 „ 350® 0.= +‘0001150 

!Plus lias been placed before the coefficients of expansion on beating; 
minus before the coefficients of contraction. Tbe expansion in pass¬ 
ing from tbe solid to tbe liquid condition was determined as before. 

Tbe coefficient between 144° 0. and tbe fusing point increased 
rapidly with tbe temperature. 

If we take tbe volume at 0® C. as unity, we bave tbe following 


volumes corresponding to tbe temperatures given:— 

Volume at 

0° C. 

=1-000000 

5J 

118 

1-003610 

J? 

124 

1-003610 


128 

1-002814 

» 

130 

•999716 

SJ 

131 

•994517 

9J 

133 

•986717 

53 

139 

•984120 

31 

144 

•984120 

33 

150 

•984810 

33 

300 

1-006500 

33 

350 (soEd) 

1-013790 

33 

350 (liqtiid) 

1-024370 


In regard to tbis alloy tbe following points may be noted:— 

1. It possesses a similar density at three different temperatures. 
Thus, it is obvious that tbe density is tbe same at 0® 0., at just below 
130° 0., and at 282° C. 

2. Altbougb tbe alloy contains only 33*794 per cent, of iodide of 
silver, it contracts as considerably during heeding as tbe iodide itself. 

3. While tbe iodide of silver commences its contraction at 142® C., 
and finishes it at 145®‘5, tbe alloy commences to contract 18® 0. lower 
(viz., at 124® C.) and finishes 6°'5 0. lower (viz., at 139® F.). 

4. Tbe cblorobromiodides of silver also began to contract on beat¬ 
ing (an effect which, of course, we must attribute solely to tbe pre¬ 
sence of iodide of silver) at 124° C., but they finished at 133® C. 

5. Tbe harsh sounds emitted by tbe alloy during cooling, and tbe 
tremors simultaneously propagated through tbe mass, prove that 
violent molecular agitation is going on at such time as tbe iodide of 
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silver is passing from the amorphons plastic condition to the binttle 
crystalline condition, within the mass of the iodide of lead. 

6. The fusing point of the alloy is 177® C. lower than that of the 
iodide of silver, which constitutes one-third of its weight, and 33® C. 
lower than that of the iodide of lead, which constitutes two-thirds of 
its weight. 

7. If the lowering of the fusing point (also markedly apparent in 
the case of the chlorobromiodides of silver) is due to the fact that 
similar particles of matter attract each other more powerfully than 
dissimilar, and hence, when the particles of two bodies are mutually 
diffused, the attraction becomes less, and the molecular motion is 
consequently more readily assimilated; the same cause may serve to 
explain the commencement of the phase of contraction on heating the 
alloy at a temperature 18® C. lower than the substance to which it 
owes this property. 

8. It is interesting to compare one of the chlorobromiodides of 
silver with the lead-silver iodide alloy. For this purpose we will take 
the chlorobromiodide which contains the nearest approach to the same 
quantity of iodide of silver as the alloy. The second of the, chloro¬ 
bromiodides before described (“ Proc. Roy. Soc.,'’ vol. 25, p. 296) 
contains 41*484 per cent, of iodide of silver, and 58*5160 per cent, of 
the chloride and bromide of silver, which latter, from the heat point 
of view, may be regarded as the same substance, because their co¬ 
efficients of expansion are practically the same. It may be noted 
(vide below) that while the expansion of the bromide (which is 
slightly greater than that of the chloride) scarcely exceeds that of 
the iodide of lead, and while, moreover, the chlorobromiodide contains 
8 per cent, more iodide of silver than the lead-silver iodide alloy, the 
amount of contraction by heat of the latter is more than twenty times 
greater than that of the former, although we must believe this effect 
to be solely due to the iodide of silver in each case. 

Comparison of the Coefficients of the Iodide of Lead and the Bromide 
of Silver, used in conjunction with Iodide of Silver in the forma¬ 
tion of the two Alloys given below. 

Iodide of lead. Bromide of silver. 


Melting point. 

. 383° C. 

.... 427° C. 

Yolume at 

0° 0. 

. 1-000000 .... 

.... 1-000000 

» 

205 . 

. l-0i6608 .... 

.... 1-021945 


253 . 

. 1-019594 .... 

.... 1-027369 

jj 

265 . 

. 1-027248 .... 

.... 1-028725 


383 (solid) . 

. 1-048488 .... 

.... 1-042531 

>5 

383 (liquid) . 
427 (solid) . 

. 1-078080 

.... 1-047865 

J5 

427(Kquid) . 


.... 1-107225 















Comparison of tlie Ooeificients of the Lead-silver Iodide Alloy with those a Chlorobromiodide of Silver, 

and of Iodide of Silver. 
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The accompanying tables show the cnrves of contraction and ex¬ 
pansion of the lead-silver iodide alloy, and of its constituents. In 
Table B the scale has been enlarged in order to show the details of 
the contraction of the alloy on being heated from 124° 0. to 139° C. 

(Addendum. Eeceived April 8 , 1881.) 

Other alloys of iodide of lead with iodide of silver have since been 
made, having the following composition :— 

( 1 .) 2 AgI.Pbl 3 , containing 60*51? per cent, of iodide of silver. 

(2.) 3AgL2Pbl3 „ 43*360 „ „ 

(3.) 4AgI.3PbIo „ 40*497 

(4.) 5AgI.4Pbl3 „ 38*950 

(5.)* 10AgI.9Pbl3 „ 36*190 „ * „ 

These all possessed the same general appearance as the alloy 
AgI.Pbl 3 described above, which contains 33*794 per cent, of iodide 
of silver. But with the exception of IN'o. 5 they were all so brittle 
that they conld not be cast into rods suitable for use with the expan¬ 
sion apparatus. During cooling large rifts appeared in the rod at 
right angles to its length, at the time when the iodide of silver com¬ 
menced to expand. In the case of No. 1 the rod was violently broken 
during its cooling by the expanding iodide of silver; even when 
slowly annealed in hot paraffine. It may be noted that no such effect 
was produced in the case of the chlorobromiodides of silver, having 
the composition respectively: Ag 3 T 3 .AgBr.AgOl; Ag 3 I 3 .AgBr.AgOl; 
Ag 4 .l 4 ^.AgBr.AgOl; and containing in each case a larger percentage of 
iodide of silver (viz., 58*6404; 68*0171; and 73*9285) than the 
silver-lead iodide alloy No. 1. The chlorobromiodides, although, of 
course, their brittleness increased with the percentage of iodide of 
silver, formed less brittle rods than the iodide of silver, and than the 
first of the silver-lead iodide alloys, although the latter contains 
23 per cent, less iodide of silver than the chlorobromiodide 



OBITUARY NOTICES OF FELLOWS DECEASED. 


Michel Chaslbs was born at Epernon, in the department of Eure- 
et-Loire, on tbe 15tli of November, 1793. 

He began bis education at tbe Ljc^e Imperiale, and even in obild- 
bood showed a decided taste for geometry, and was in the habit of 
communicating to the pupils of other schools the problems given him 
by his teachers, obtaining their problems in exchange. 

In the year 1812 he began his studies at the ficole Poly technique. 
In 1814 he assisted with his fellow-students in the defence of Paris, 
and in that same year passed the engineering examination. After 
considerable hesitation he decided to accept the appointment as oflScer 
of engineers to which he was now entitled; but just as he was about 
to enter the service he was induced to surrender the appointment in 
favour of a friend, who was next on the list to the successful candi¬ 
dates, and to whom it was a great object. He spent a short time with 
his mother at Chartres, and then resumed his studies at the ficole 
Polytechnique. 

When, in 1814, all the students of the ficole Poly technique were 
abruptly dismissed, Chasles gave hospitality in his home at Chartres to 
his briQiant schoolfellow at the Lycee Imperiale, Gaetan Giordini, who 
through bis influence had been induced to study geometry, and who 
had obtained the first prize at the Concours General over the head of 
Chasles himself, and had afterwards obtained the first place in the 
ficole Polytechnique. 

On finally quitting the lllcole Polytechnique Chasles spent about 
ten years in retirement at Chartres, devoting himself to geometry. 

In 1887 he published the first edition of his great work, “ Aper^u His- 
torique sur TOrigine et le Developpement des Methodes en Geometrie,” 
which was characterised by De Morgan as a work of great importance 
in the,historical point of view, and described in the following words by 
M. Bertrand : “L’admirable ^ Aper^uHistorique,’ qui sousce titre plus 
que modeste, restera I’ceuvre la plus savante, la plus profonde, et la 
plus originale qu’ait jamais inspires Fhistoire de la science/* 

In 1841 Chasles became Professeur de Machines et de Geod^sie at 
the ilcole Polytechnique, which appointment he held for ten years, 
when he resigned it in consequence of some radical alterations which 
were being made, and of which he entirely disapproved. 

In 1846 he was appointed to a new chair of Modern Geometry at 

I 
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the Faculte des Sciences, which, had been established in consequence 
of the strong recommendation of Poinsot, and for twenty-fiv'e years 
Ohasles devoted himself assiduously to Ms duties at the Sorbonne. 
The “Traite de Geometrie Superieure,’^ an elaborate and masterly 
treatise which embodied the substance of a course of lectures given to 
the Faculte des Sciences, appeared in 1852. This book became scarce, 
but about two months before his death, Ohasles had the satisfaction of 
seeing a s.econd edition of it published, accompanied by his excellent 

Discours dTnauguration.” 

The Traite de Geometrie Superieure ” was followed in 1865 by the 
first volume of his ‘‘ Traite des Sections Ooniques,” being a sequel to 
the former. No other volume of this work ever appeared, though 
much desired by mathematicians. 

In 1863 Ohasles published his book Les Trois Livres de Porismes 
d’Buclide, retablis pour la premiere fois, d’apres la Notice et les 
Lemmes de Pappus, et conformement au sentiment de P. Simson, sur 
la Forme des finonces de ces Propositions.'^ The publication of this 
work led to a short controversy with M. P. Breton (“Question des 
Porismes—^notices sur les debats de priority auxquels a donn6 lieu 
Touvrage de M. Ohasles sur les porismes d’Buclide,*’ Paris, 1865; and 
a second part, Paris, 1866). M. Ohasles comments on these in his 
“ Rapport." 

In 1851 Ohasles was elected a member of the French Academy, of 
which he had been a corresponding member since 1839. In 1854 he 
became a foreign member of the Royal Society, and in 1865 he 
received the Oopley medal, which was given to him in acknowledg¬ 
ment of his historical and original Researches in Pure Geometry. 
He was the first, and for some years the only, foreign member of the 
London Mathematical Society. He was also a member of the Gam- 
bridge Philosophical Society. 

Ohasles continued his labours in the cause of science without inter¬ 
ruption, from the time of his leaving the Lyc4e Imperiale until he was 
eighty years of age. An interval of sixty-eight years separates the 
first note of the pupil Ohasles, which appeared in the “ Correspondance 
sur rficole Polytechnique," from the last memoir he presented to the 
Academy. In the “ Catalogue of Scientific Papers " will be found the 
titles of 1?7 of his papers, and it is computed that the number 
published since 1873 would probably bring the total to nearly 270. 
The subjects range over curves and surfaces of the second and of any 
degree, geometry, mechanics (and attractions),history, and astronomy. 
His “ Rapport" perhaps furnishes the best key to his writings, and at 
pages 72—^126, 220—280 will be found an account of his own contri¬ 
butions to geometry. 

Ohasles’ life was a happy and simple one. He lived quietly and 
abstemiously, respected and loved by all the scientific friends whom he 



was in the habit of inviting and entertaining with such true kindness 
and hospitality. His brethren of the Institut, as well as the nume¬ 
rous other French and foreign savants, whom he liked so much to 
collect around him, will not easily forget the cordial and sympathetic 
reception which they always met with in his hospitable salon, whether 
in Paris or in his country quarters at Sevres. 

Chasles was an active member of the Council of the Societe des 
Amis de Prance, and it is well known how diligently and conscien¬ 
tiously he always laboured in finding worthy objects for the charity of 
this institution, and how generously he frequently supplemented its 
work by donations from his own purse when the funds of the society 
did not suffice for its wants. 

Pifteen years before his death, when the pupils of the Ecole Poly- 
technique first conceived the idea of founding the Societe Amicale, 
they perceived how important it was, in order to succeed in such an 
undertaking, that they should place it under the guidance of a man 
beloved and. respected by all, and Chasles was requested to act as 
president. In spite of his already advanced age, and the necessity he 
might have urged of repose after his long labours, he accepted the 
post, and it is well known how zealously he devoted himself to the 
interests of the society, of which he must always be considered the 
real founder. 

H is death took place on the 18th of December, 1880. 
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lines of different elements, 225. 

-on the reversal of the lines 

of metallic vapours. No. VIII, 402. 

Diastase of K6ji (Atkinson), 299- 

Dickie (G-.) elected, 332. 

Diffusion of liquids, influence of voltaic 
currents on the (G-ore), 66. 

Digastric, on the tendinous intersection 
of the (Dobson), 29. 

Di-iodide of lead, Pblg, eoefiioients of 
expansion of, and of an alloy of iodide 
of lead with iodide of silver, PblgAgl 
(Rodwell),23, 540. 

Discontinuous phosphorescent spectra in 
high vacua (Crookes), 206. 

Dobson (G-. E.) on the tendinous inter¬ 
section of the digastric, 29. 

Dodgson (W.) and B; Stewart, note on 
a comparison of the diurnal ranges of 
magnetic declination at Toronto and 
Kew, 406. 


Echinodermata, locomotor system of 
(Romanes and Ewart), 1. 

Election of Eellows, annual meeting for, 
332- 

Election of foreign members, 162. 

Electric current, permanent molecular 
torsion of conducting wires produced 
by the passage of an (Hughes), 25. 

Electrical stimulation of the frog’s heart, 
on the effect of, and its modification 
by cold, heat, and the action of drugs 
(Brunton and Cash), 383. 

Electricity, on the refraction of (Tribe), 
435. 

Eleetrodynamic balance, on an (Helm¬ 
holtz), 39. 

EHis (A. J.), postscript to the chronolo¬ 
gical summary of methods of comput¬ 
ing logarithms in my paper on the 
potential radix, 3'77. 


Ewart (J. 0.) on a new form of febrile 
disease associated with the presence of 
an organism distributed with milk 
from the OldmiU Reformatory School, 
Aberdeen, 456, 492. 

-and G-. J. Romanes, observations 

on the locomotor system,, of Eohino- 
dermata (Oroonian lecture), 1. 

Ewing (J. A.), effects of stress on the 
thermoelectric quality of metals. 
Part I, 399. 

Febrile disease, on a new form of, asso¬ 
ciated with the presence of an organism 
distributed with milk from the Old- 
mill Reformatory School, Aberdeen 
(Ewart), 456. 

Female organs and placentation of the 
racoon (Frocyoti lotor) (Watson), 
272. 

Ferrier (D.) and G-. F. Yeo, the functional 
relations of the motor roots of the 
brachial and limibo-sacral plexuses, 
12 . 

Forbes (G-.) and J. Young, experimental 
determination of the velocity of white 
and of coloured light, 247. 

Foreign members elected, 162. 

Formulae for sn Sit, cn 8tt, dn Su, in terms 
of sn u (G-laislier), 444. 

Functional relations of the motor roots 
of the bracliial and lumbo-saoral 
plexuses (Ferrier and Yeo), 12. 

G-alloway (W.) on tbe influence of coal- 
dust in colliery explosions : No. Ill, 
454. 

G-ladstone (W. E.) admitted, 206. 

Glaisber (E. H.), formulae for sp 8w, cu 
8w, dn 8?^, in terms of sn «, 444. 

-(J. W. L.) on Riocati’s equation 

and its transformations, and on some 
definite integrals which satisfy them, 
444. 

Gore (G.), influence of voltaic ctirrents 
on the diffusion of liquids, 56, 

-phenomena of the capilliary elec¬ 
troscope, 86. 

Gravimeters, on, with special reference 
to a torsion gravimeter designed by 
the late J. A. Broun (Herschol), 607. 

Hannay (J. B.) on the absorption of 
gases by solids, 407. 

-on the states of matter, 408. 

Heart, on the effect of electrical stimula¬ 
tion of the frog’s, and its modification 
by cold, heat, and the action of drugs 
(Brunton and Cash), 388. 

Helmholtz (H.) on an eleetrodynamic 
balance, sk 

-on the internal forces of magnetized 
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and dielectrically polarized bodies, 
40. 

Herscbel (Major J.) on gravimeters, 
vdtb special reference to a torsion 
gravimeter designed by the late J. A. 
Broun, 507. 

Histology and physiology of the pepsin- 
forming glands (Langley), 20. 

Hughes (D. E.), molecular magnetism, 
213. 

- permanent molecular torsion of 

conducting wires produced by the 
passage of an electric current, 25. 

Hydrocyaiaic acid, on the action of, 
upon muscle and nerve (Brunton and 
Cash), 384. 

Identity of spectral lines of different 
elements (Liveing and Dewar), 226. 

Internal forces of magnetized and dielec¬ 
trically polarized bodies, on the (Helm¬ 
holtz), 40. 

Intestines, on the absorption of gas by 
the, and the action of carminatives 
upon it (Brunton and Cash), 456. 

Kempe (A. B.) elected, 332. 

King crab, note on the existence of stig¬ 
mata in the (Lankester), 391. 

K6ji, on the diastase of (Atkinson), 299. 

Langley (J. N.) on the histology and 
physiology of the pepsin-forming 
glands, 20. 

Lankester (E. Bay), note on the exis¬ 
tence in the king crab {Limulus foly- 
ph&mus) of stigmata corresponding to 
the respiratory stigmata of the pulmo- 
nate Arachnida, and on the morpho¬ 
logical agreements between Limulus 
and Scorpio, 391. 

Light, experimental determination of the 
velocity of white and of coloured 
i^Young and Forbes), 247. 

Limulus jpolypTietnuSj note on the exis¬ 
tence of stigmata in (Lankester), 391. 

Liquids, influence of voltaic currents on 
the diffusion of (Grore), 56. 

Liveing (G*. D.) and J. Dewar, investiga¬ 
tions on the spectrum of magnesium, 
189. 

-on the identity of spectral 

lines of different elements, 226. 

-on the reversal of the lines of 

metallic vapours. No. Till. (Iron, 
titanium, chromium, and aluminium), 
402. 

Lockyer (J. N.), note on the reduction 
of the observations of the spectra of 
100 sun-spots observed at Kensington, 
203. 

Locomotor system of Echinodermata 
(Bomanes and Ewart), 1. 


Logarithms, postscript to the chrono¬ 
logical summary of methods of com¬ 
puting, in my paper on the potential 
radix (Ellis), 377. 

Lucifer, a study in morphology (Brooks), 
46. 

Lung of the newt, on the minute 
structure of the, with special refe¬ 
rence to its nervous apparatus (Stir¬ 
ling), 37. 

Macalister (A.) elected, 332. 

Macewen (W.), observations concerning 
transplantation of bone. Illustrated 
by a case of inter-human osseous 
transplantation, whereby over two- 
thirds of the shaft of a humerus was 
restored, 232. 

McLeod (H.) elected, 332; admitted, 
333. 

Magnesium, investigations on the spec¬ 
trum of (Liveing and Dewar), 189. 

Magnetic declination, note on a com¬ 
parison of the diurnal ranges of, at 
Toronto and Kew (Stewart and Dodg- 
son), 406. 

Magnetism, molecular (Hughes), 213. 

Magnetized and dielectrically polarized 
bodies, on the internal forces of 
(Helmholtz), 40. 

Mannheim (A.) sur la surface de londe, 
et theoremes relatifs aux lignes de 
courbure des surfaces du second 
ordre, 447. 

Marignac (J. C.) elected, 162. 

Matter, on the states of (Hannay), 408. 

Metallic vapours, on the reversal of the 
lines of, No.YIII (Liveing and Dewar), 
402. 

Metals, effects of stress on the thermo¬ 
electric quality of (Ewing), 399. 

Milk, on a new form of febrile disease 
associated with the presence of an 
organism distributed with (Ewart), 
456. 

Molecular magnetism (Hughes), 213. 

-torsion, permanent, of conducting 

wires produced by the passage of an 
electric current (Hughes), 26. 

-volume of solids (Wilson), 455. 

Morphqlogicalagreements between Limu¬ 
lus and Scorpio (Lankester), 391. 

Motor roots of the brachial and lumbo¬ 
sacral plexuses, functional relations of 
(Ferrier and Yeo), 12. 

Moulton (J. F.) and W. Spottiswoode 
on stratified discharges. YI. Shadows 
of strise, 385. 

-on stratified discharges. 

YII. Multiple radiations from the 
negative terminal, 388. 

Muscle, on the action of alkali and acid 
on, 456. 
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Muscle and nerve, on the action of am¬ 
monia and its salts, and of hydro¬ 
cyanic acid upon (Brunton and Cash), 
384. 

— contraction, the effects of certain 
modifying influences on the latent 
period of (Yeo and Cash), 456. 

NageH (0.) elected, 162. 

Nervous a]>paratus, on the minute 
structure of the lung of the newt, 
with especial reference to its, 37. 

Newt, on the minute structure of the 
lung of the (Stirling), 37. 

Obituary notice of Michel Ohasles, i. 

Osseous transplantation, a case of in¬ 
terhuman (Macewen), 232. 

Pancreatic extracts, on the estimation of 
the amylolytic and proteolytic activity 
of (Roberts), 145. 

Parker (W. K.) on the structure and 
development of the skull in sturgeons 
{Aeij^enser ruthenus md A. sturio), 
142. 

Pavy (F. W.), a newline of research 
bearing on the physiology of sugar in 
the animal system, 418. 

Pendent drops (Worthington), 362. 

Pepsin-forming glands, histology and 
physiology of the (Langley), 20. 

Permanent molecular torsion of con¬ 
ducting wires produced by the passage 
of an electric current (Hughes), 25. 

Phillips (J. A.) elected, 332 j admitted, 
333. 

Physiological action of j8 lutidinc 
(Williams and Waters), 162. 

Plaeentation of the racoon {Froc^on 
lotor)^ (Watson), 272. 

Poisons, on the difl’erences in the physio¬ 
logical effects produced by the, of 
certain species of Indian venomous 
snakes, (Wall), 333. 

Potential radix, postscript to the chro¬ 
nological summary of methods of com¬ 
puting logarithms in my paper on 
the (Ellis), 377. 

Preece (W. H.) elected, 332; admitted, 
333. 

Presents, lists of, 48, 249, 498. 

Froct/oit lotor, on the female organs 
and plaeentation of, 272. 

Protagon, note on (Roscoe), 35. 

Racoon, female organs and plaeentation 
of the, 272. 

Rayleigh (Lord) and A. Schnster, on 
the determination of the ohm in 
absolute measur^^, 104. 

Refraction of electricity (Tribe), 435. 


Reversal of the linos of metallic vapours, 
No. YIII (Liveing and Dewar), 402. 

Riecati’s equation and its transforma¬ 
tions (G-laisher), 444. 

Roberts (W.) on the estimation of the 
amylolytic and proteolytic activity of 
pancreatic extracts, .145. 

Rodwell ((1. F.) on the coefficients of 
expansion of the di-iodide of lead, 
Phis, and of an alloy of iodide of lead 
with iodide of silver, PbLAgI, 23, 
540. 

Romanes (G. J.).and 3". 0. Ewart, ob¬ 
servations on tlie locomotor system of 
Echinodermata. (Croonian lecture) 1. 

Roscoe (H. E.), note on protagon, 35. 

Russell (J. S.), the w'ave of translation 
and the work it does as the carrier 
wave of sound, 382. 

Russell (W. H. L.) on certain definite 
integrals. No. 9, 450. 

Russell (W. J.) on the abso rption 
spectra of cobalt salts, 258. 


Samuelson (B.) elected, 332. 

Schnster (A.) and Lord Rayleigh, de¬ 
termination of the ohm in absolute 
measure, 104. 

Skull in sturgeons, structure and develop¬ 
ment of the (Parker), 142. 

Snakes, on the differences in the physi¬ 
ological effects produced by the poisons 
of certain species of Indian venomous, 
333. 

Sodium, note on the spectrum of 
(Abney), 443. 

Solids, molecular volume of (Wilson), 
455, 457. 

Sound, the wave of translation and the 
work it does as the carrier wwo of 
(Russell), 382. 

Spectra, on discontinuous phosphores¬ 
cent, in high vacua (Crookes), 206. 

Spectra of 100 sun-spots observed at 
Konsington, note on tlio rodu(4ion of 
the observations of the (Lockycr), 
203. 

vSpcctra, on the absorption, of cobalt' 
salts (Russollj, 258, 

Spectral lines of different elements, on 
the identity of (Liveing and Dewar), 
225. 

Spectrum of carbonic acid, note on the 
(Wesendouck) , 380. 

- of magnesium, investigations on 

the (Liveing and Dewar), 189. 

- of sodium, note on the (Abney), 

443. 

Spottiswoode (W.) and J. F. Moulton 
on stratified discharges. VI. Shadows 
of strise, 385. 

- ——on stratified discharges. VII. 
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Multiple radiations from tlie negatiye 
terminal, 388. 

Stewart (B.) and W. Dodgson, note on 
a comparison of the diurnal ranges of 
magnetic declination at Toronto and 
Xew, 4*06. 

Stigmata, note on the existence in the 
king crab of, corresponding to the re¬ 
spiratory stigmata of the pulmonate 
Arachnida (Lankester), 391. 

Stirling (W.) on the minute structure 
of the lung of the newt with especial 

; reference to its nervous apparatus, 37. 

Stokes (Gr. G-.), discussion of the results 
of some experiments with whirled 
anemometers, 170. 

Stoney (B. B.) elected, 332. 

Stratified discharges. VI. Shadows of 
striae (Spottiswoode and Moulton), 385. 

- - YII. Multiple radiations 

from the negatiye terminal, 388. 

Stress, effects of, on the thermoelectric 
quality of metals. Part I (Ewing), 
399. 

-and strain, the influence of, on the 

action of physical forces (Tomlinson), 
41. 

Stresses caused in the interior of the 
earth by the weight of continents and 
mountains (Darwin), 432. 

Sturgeons, structure and development of 
the skuH in (Parker), 142. 

Sugar, a new line of research bearing on 
the physiology of, in the animal 
system (Payy), 418. 

Sun-spots, note on the reduction of the 
observations of the spectra of 100, 
observed at Kensington (Lockyer), 
203. 

Surface de I’onde, sur la, et th^or^mes 
relatifs aux lignes de courbure des sur¬ 
faces dusecondordre (Mannheim),447* 

Tendinous intersection of the digastric, 
on the (Dobson), 29. 

Thermoelectric quality of metals, effects 
of stress on the (Ewing), 399. 

Tomlinson (H.), the influence of stress 
and strain on the action of physical 
forces, 41. 

Torsion gravimeter, on gi*avimeters, with 
special reference to a, designed by the 
late d. A. Broun (Herschel), 507. 

Transplantation of bone, observations 
concerning (Macewen), 232. 


Traquair (B. H.) elected, 332. 

Tribe (A.) on the refraction of elec¬ 
tricity, 435. 

Velocity of white and of coloured light, 
experimental determination of the 
(Young and Eorbes), 247. 

Voltaic currents, influence of, on the 
diffusion of liquids (Gore), 56. 

Wall (A. J.) on the differences in the 
physiological effects produced by the 
poisons of certain species of Indian 
venomous snakes, 333. 

Waters (W. H.) and C. G. Williams, on 
the physiological action of jS lutidine, 
162. 

Watson (H. W.) elected, 332 j admitted, 
333. 

Watson (M.) on the female organs and 
placentation of the racoon {Frocyon 
lotor), 272. 

Wave of translation, the, and the work 
it does as the carrier wave of sound 
(Eussell), 382. 

Weierstrass (0.) elected, 162. 

Wesendonck (C.) note on the spectrum 
of carbonic acid, 380. 

Whirled anemometers, discussion of the 
results of some experiments with 
(Stokes), 170. . 

Williams (0. G.) and W. H. Waters on 
the physiological action of jS lutidine, 
162. 

Wilson (E.), the molecular volume of 
sohds, 455. 

Wooldridge (L. C.), the relation of the 
white blood corpuscles to the coagula¬ 
tion of the blood, 413. 

Worthington (A. M.) on pendent drops, 
362. 

Wright (C. E. A.) elected, 332; ad¬ 
mitted, 333. 

Yeo (G. F.) and Dr. Cash, the effects of 
certain modifying influences on the 
latent period of muscle contraction, 
456. 

- and D. Perrier, the functional 

relations of the motor roots of the 
brachial and lumbo-saci*al plexuses, 

12 . 

Young (J.) and G. Forbes, experimental 
determination of the velocity of white 
and of coloured light, 247. 


END OF THE THIETY-SECOND TOLUME. 
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